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WATER,  CORNER  OF  FULTON  STREET— NEW-YORK, 
rO?'  OLD  ESTABLISHED  STAND.] 

BOOKS. 

DOWOrrCH'S  practical  navigator,  eth  ediaon,  stereotyped.     Tka  work  hat  Ue%  re-ffuhiitktd 

in  liondon^  and  has  a  decided  prtf en  nee  to  any  extant. 
BLUNT'S  AMERICAN  COAST  PILOT.  10th  ediUon,  crrently  improved. 

THE  lICRCUANrs  AND  SHIP  MASTERS  ASSISTANT,  comprehending  all  the  neccflWf^  mercin- 
tile  Informiition  fur  Merchants  and  SbipmaMers.  [In  this  work  all  rtend  eommtreuU  rtgnia' 
tUmi  are  introduced,  and  tke  most  erperienced  wllkndaomUking  new.] 
THE  EXPEDITIOUS  iUEASURER,  containing  a  let  of  tables,  whidi  show  at  one  riew  the  soUd 
contents  of  all  kinds  of^Mckai;eH  and  casks,  according  to  their  sereral  lengths,  breadths,  and  depths  ; 
alto  rules  (or  determining  the  contents  of  all  sorut  or  casks,  In  wine  and  beer  measure.  A  atertotypt 
edjtian, 

KAUTICAL  ALMANACS,  from  the  rear  1811  to  1&28,  both  inclustve— lo  be  cmtlnoed  airanalty.    £r- 
planaiiou  stereotyped,  and  English  copy  corrected. 
Krron  In  the  Engliiih  copies  of  the  Nautical  Almanac 
(  1 82*5,  Over  Fifty  errors      } 
In  ^  11527,  Over  Firty  errors      \  Corrected  in  BLUNTS  EDITIONS  ONLY, 
t  IH38,  Ovrr  Twcniv  errors  ) 
PEAMANSHIP  and  NAVAL  TACTicS,  Second  EdlUoo,  with  Platen 
WARD'S  LUNAR  TABLES,  3d.  eilitton. 

CHARTS : 

A  NEW  CHART,  extending  from  Ncw-Yotk  to  Havana,  including  Bahama  Banks  and  Channels,  im- 
|vrovetl  by  actual  Sur^'cj-s  of  the  Chetapeakt  Bay,  tiy  order  of  the  Navy  Department, 
and  of  Capes  tlutteras^  Look  Out  and  rear  Skoa/s^  in  conformity  to  an  art  of  Co»> 
gres<  of  tlie  Unite*)  States,  and  conducted  under  tbie  direction  of  J.  D.  KLL10T,£ftq. 
CiPt.in  the  U.  S.  Navy.aiKl  b^permiaslon  of  Hon.  SMITH  THOMPSON,  Secretary 
of  the  Navy,  copit  d,  aua  contains  all  the  Surveys  made  on  the  Coast  of  Ifartk  Carolina 
to  the  prrsent  time  (1826.)  This  Chart  has  since  been  improved  by  a  survey  from 
Sandy  ll(Hik  to  Cape  May,  under  direction  of  Capt.  JONATHAN  COLESWORTHV, 
and  K  DM  I'ND  ULUNT,  hydrographer,  in  the  sloop  New  Packet.  It  has  also  several 
PLANS  of  HARBOURS,  flnom  actual  surveys. 

»  ,  of  the  MissiMippi  River,  extending  to  New  Orleans,  including  Mobile,  ke.  with 

sailing  directions,  and  Plan  of  Mobile,  on  a  large  scale,  from  actual  survey,  published 
in  1825. 
,  of  Bahama  Bank,  from  actual  survey  made  in  sloop  Orbit  in  1820.  with  sailing  dlrec- 
lious,  by  the  direction  and  at  the  expense  of  E.  M.  BLUNT,  by  E.  C.  WARD,  U.  8. 
Navy,  and  EDMUND  BLUNT,  hydrograplier.  [It  is  worthy  of  remark,  that  nine- 
teen vessete  were  lost  on  the  Bahama  Bank  the  year  previous  to  this  survcr,  since 
which,  accidents  hare  rarelv  occurred,  and  the  correctncm  of  the  Chart  admits  not  a 
qtiostlon.  but  has  received  the  approbation  of  thousands,  as  being  tke  most  correct 
Chart  ot  Bahama  Bank  extant] 

-  1^  from  New. York  to  Nova  ^-cotia,  extending  from  latitude  S80  N.  to  latitude  AT*  N. 
longitude  680  W.  to  longitude  74o  W.  including  the  whole  of  St  George^  Bank, 
Improred  to  August  1821,  liy  government  and  other  surveys. 

,  of  the  Athintic  or  Western  Ocean,  improved  to  1890,  with  an  Analvsisof  the  authori- 
ties upon  which  the  dangers  have  been  inserted  on  the  Chart  "fhe  Tracks  extend 
•o  the  Equatoi-,  and  are  continned  on  the  Chart  of  the  South  Atlantic  Ocean. 

.  ■,  of  the  South  Atlnntlc  Ocean,  contaiulug  more  authentic  Information  than  any  extant, 

part  of  which  describes  dangers  bttely  discovered,  with  original  Pians  of  Harbours 
and  Views. 
,    of  the  North  Coast  of  Brazil,  showing  the  entrances  and  courMS  of  the  Rivers  Para 

and  Amnion. 
,    of  the  West  Indies,  on  six  sheets,  which  mny  be  bad  separate. 

,    of  River  La  Plate,  according  to  Ute  Surve>-s,  with  SaiUng  Directions  on  the  Chart. 

—of  the  Const  of  Uuayana — of  the  Coast  of  Braxit — of  the  Islaiui  of  VermudAS.  wit>i 
Sailing  Directions — of  Long-Islnod  Sound,  improved  to  1825.— of  the  Coast  of  Labni' 
fior.— of  Newfoundland  ~-nf  the  Coast  of   Braxil,  from  Maranham  to  the  river  La 
Plate,  Ice.  kc.  tlic  sailing  Directions  for  which  are  In  lilunt^s  American  Coast  Pilot. 
PLAN  of  New-London  Harbour,  surveyefrby  CHARLES  MORRIS,  Esq.  of  the  United  States  Navy, 
by  order  of  Commodore  RODGERS,  and  to  him  respectfully  dedicated. 
SOUTBKRN    DISTRICT   OV    IfEW-YOKK,    SS. 

BE  IT  REMEMBERED,  That  on  the  twenty-second  day  of  June,  A.  D.  182fi,  in  tiie  'finieth  yrnr 
of  the  Independence  of  the  United  Stales  of  America.  Edmund  M.  Blunt,  of  the  said  district  hath  depo$ir- 
ed  in  tlUs  oJDce  the  title  of  a  book,  the  right  whereof  he  claims  as  proprietor,  in  the  wonU  follow  in;;, 
to  wit: 

"  The  New  American  Practical  Navigator :  being  an  Kpltome  of  Navigation :  containing  all  the  Tn- 
*>■  bles  nece»sary  to  be  used  with  the  Nautical  Almanac,  in  determining  the  Lutitude,  and  the  Longtiutie 
"by  Lunar  Ohiervations ;  and  keeping  a  complete  Reckoning  at  Sea;  Illustrated  by  proper  Itulfs 
<*  and  Examples  :  the  whole  exemplified  in  a  Journal,  kept  irom  Boston  to  .Madeira,  In  which  all  tb.o. 
*^  rules  of  Navicalion  are  introduced.  Also,  the  Demonstration  of  the  u<nal  Rules  of  Trigonometn  ; 
*•  Prohleros  in  Mensaratiim,  Surveying,  and  Ganging;  IHctionary  of  Sea-Trrm* ;  and  tlie  manner  of  ih-V- 
*'  formlngthe  mon useful  Evolutions  at  Sea.  With  an  Ap|iendix,  c^mtaiuine  Mrtlimlsof  calculating  Ecii;>- 
*<  ses  of  the  Sun  and  Moon  and  Occultations  of  the  Fixed  &tar& ;  Rules  lor  finding  the  Longitude  tM'  a 
**  place  by 'OtMer  vat  ions  of  Eclipses  or  Ocn<ltations :  and  a  new  method  fur  flmiing  the  latitude  by 
•*twoaltltudea.  Bv  Nathaniel  Bowdlich,  LL.  I).  Fellow  of  the  Ro}'al  SocietlK^  nt  I.f>udon,  Edinburgh, 
^  and  Dublin;  of  the  American  Philosophical  Society,  held  at  rhihidelphia  -,  of  tl>c  American  Academy 
''ofArtt  and  Sciences*,  of  the  Connecticut  Academy  ol  Arts  and  Sciences-,  of  the  Literary  and  Philo- 
«  gophical  Society  of  New- York,  kc    Sixth  stereotvpe  edition.'* 

In  conformity  to  the  act  of  cimgress  of  the  United  Statej^  entitled  "Ar  Act  for  the  encouragement 

of  learning,   by  securing  the  copies  of  Hans,  Charts,  and    Boi>ks,  to   the  Antliom  and   Proprietors 

of  such  copies,  during  the  dme  therein  mentioned."  And  also  to  an  act.  entitled  *'  an  act  supplemenury 

/</  mn  Mt,  entitled  an  act  for  the  eac  joragement  of  learning,  by  securing  tlie  copies  uf  Maps,  Charrs.  arid 

JfcMftg,  to  tkwauibonMnd  proprieton  of  Mich  copies,  during  the  Uiueii  therein  mentioned,  atwl  erteud- 

/tf^  tAe  beaeiUB  thertofio  tke  tru  of  detig^mag.  engravm?,  atva  «x\v\n^  Yi\i!io«\ca\  kw\  «Abkc  v^vtw"^ 

C*'.-\  n/  lU  SrflUKcra  VvArVrt  •[  ^ra.^[wV. 


PREFACE. 


IX  the  preface  to  the  first  edition  of  this  work,  it  was  observed,  that  the 
object  of  the  publication  was  to  collect  into  one  Tohime  all  the  rules,  ex- 
amples and  tables  necessary  for  forming  a  complete  system  of  vraetieal  na- 
Tigation.  To  do  this,  those  authors  were  consulted  whose  writmgs  afforded 
the  best  materials  for  the  purpose,*  and  such  additions  and  improvements 
were  introdaced  as  were  suggested  by  a  close  attention  to  the  subject;  and 
the  accuracy  of  the  tables  accompanying  the  work  was  ensured  by  actually 
goim^  through  aU  the  calculations  necessary  to  a  complete  examination  of 
them,  making  the  last  figure  exact  to  the  nearest  unit.  In  performing  this, 
above  e%fat  thousand  errors  were  discovered  and  corrected  in  Moore's  Prac- 
tical Navigator,  and  above  two  thousand  in  the  second  edition  of  Maske- 
iyiie*s  Requisite  Tables.f  Almost  all  the  errors  in  Maskelyne's  collection 
were  in  the  last  decimal  place,  and  in  most  cases  would  but  little  affect  the 
result  of  any  nautical  calculation ;  but  when  it  is  considered  that  most  of 
those  tables  are  useful  in  other  calculations,  where  great  accuracy  is  required, 
it  w3l  not  be  deemed  an  unnecessary  improvement  to  have  corrected  so 
^reat  a  number  of  small  errors. 

Several  articles  were  added  in  the  second  edition,  particularly  the  descrip- 
tion and  use  of  the  circular  instrument  of  reflection,  methods  of  surveying 
harbours,  new  tables,  (tc.  In  the  third  and  subsequent  editions,  several  im- 
provements have  been  made,  particularly  in  the  method  of  correcting  the 
dead  reckoning,  and  in  the  articles  of  surveying.  An  Appendix  is  given, 
containing  methods  of  piTojecting  and  calculating  eclipses  of  the  moon  and 
Baa,  and  occultations  of  the  fixed  stars  or  planets  by  the  moon ;  rules  for 
deducing  the  lonptude  of  a  place  from  observations  of  eclipses  of  the  sun  or 
accu&ta^ons ;  a  new  and  Aort  method  of  calculating  the  altitude  and  longi 
tude  of  the  nooagemttol  degree  of  the  ecliptic ;  solutions  of  several  useful 
problems  of  Nautical  Astronomy,  and  an  improvement  of  Napier's  rules  for 
the  solution  of  q>heric  triangles.  Several  new  tables  were  added.  The 
table  of  latitudes  and  longitudes  is  much  increased  and  corrected. 

Abo  an  entirely  new  article  is  given  in  thb  edition  on  the  method  of  finding 
the  bCStodes  by  two  altitudes  of  the  same,  or  of  different  objects :  the  solu- 
tioos  being  direct  and  simple,  embracing  all  the  cases  of  the  problem :  a  point 
which  has  not  been  attended  to  in  some  works  of  celebrity .  This  is  an  import- 
ant adcfition  4o  the  present  work,  and  it  is  recommended  to  the  considera- 
tion of  navigators. 

Hie  tables  published  separately  in  the  Appendix  of  the  first  edition  arc 
introduced  into  the  body  of  this  work,  and  are  extended  so  as  to  render  the 
use  of  them  more  sim{)le.  The  short  and  easy  method  of  working  a  lunar 
f»bsenration,  publ'ished  in  that  Appendix,  which  has  one  great  advantage 
over  all  other  approximate  methods,  in  the  manner  of  applying  the  correc 
lions  (all  them  beinfr  additive)  b  here  explained  and  illustrated  by  several 
eiamples.t  Two  oUier  methods  of  correcting  the  apparent  distance  are 
given ;  one  being  that  invented  by  the  author  of  this  work  in  the  year  1795 ; 


*  nt  vOThs  dhkif  eoDMllMl  were  Ihoee   publidted  by  Maskelvne,   Robcntoa,   Putovn,  Riot, 
^c  n4»MedWMi  •'^SMundMp,*  pMUMi  «t  LoBdoa  la  1795.    In  fUs  new  etfftkM,  the  wt)rk  of 
— "—'"'-'    tatfetoi«DNeriplkmel  UMge  Am  Ccrde  de  Bciectioa,  **  Jkc  his  abo  been 
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the  other  an  improFement  of  Witchell's  method,  in  which,  without  alter- 
ing materially  the  calculation,  the  number  of  cases  is  considerably  reduced. 

To  promote  the  accuracy  of  the  successive  editions  of  this  work,  all  the 
tables  (which  admit  of  it)  have  been  stereotyped,  namely.  Tables  I.  II.  III. 
V.  VII.  IX.  X.  XI.  XII.  XIII.  XIV.  XV.  XVI.  XVII.  XVIII.  XIX.  XX. 
XXI.  XXII.  XXIII.  XXIV.  XXV.  XXVI.  XXVII.  XXVIII.  XXIX. 
XXX.  XXXI.  XXXII.  XXXIII.  XXXIV.  XXXV.  XXXVI.  XXXVIII. 
XXXIX.  XL.  XLl.  XLII.  XLIII.  XLIV.  and  XLV.  Since  the  publication 
of  the  first  stereotype  edition,  tliese  Tables  have  been  carefully  examined  by 
the  author,  and  the  few  mistakes  which  were  discovered,  have  been  cor- 
rected in  the  plates. 

Any  person  who  wishes  to  examine  the  tables,  may  do  it  by  the  methods  used 
for  that  puipose,  which  will  here  be  explained  with  some  additional  remarks. 

Tables  I.  and  II.  were  calculated  by  the  natural  sines  taken  from  the 
fourth  edition  of  Sherwin^s  logarithms,  which  were  previously  examined,  by 
differences ;  when  the  proof-sheets  of  the  first  edition  were  examined,  the 
numbers  were  again  calculated  by  the  natural  sines  in  the  second  edition  of 
Hutton's  logarithms ;  and  if  any  difference  was  found,  the  numbers  were 
calculated  a  third  time  by  Taylor's  logarithms. 

Table  III.  contains  the  meridional  parts  for  every  degree  and  minute  of 
the  quadrant,  calculated  by  the  following  rule,  viz. 

M=TX  0.0007915704468. 
in  which  T  is  the  log- tangent  less  radius  of  half  the  latitude  increased  by  45^ 
taken  to  seven  places  of  figures,  reckoned  as  integers,  and  M  is  the  meri- 
dional parts  of  that  latitude  in  miles. 

Table  FV.  contains  the  declination  of  the  sun,  which  was  compared  with 
the  Nautical  Almanacs  for  the  years  1824,  18£5, 18£6,  and  18£7,  and  mark- 
ed to  the  nearest  minute. 

Table  IV-  A.  The  Equation  of  Tune,  for  the  years  1824,  1825,  1826, 
and  1827. 

Table  V.  contaws  the  correction  of  the  sun*s  declination,  as  published 
by  Dr.  Maskelyne.  The  correction  taken  from  this  table  will  rarely  differ 
more  than  16  or  17  seconds  from  the  truth. 

Table  VI.  contains  the  mean  of  the  sun's  right  ascension,  taken  from 
the  Nautical  Almanacs  for  the  years  1824,  1825,  1826,  and  1827. 

Table  VI.  A.  contains  the  correction  for  the  daily  variation  of  the  Equa- 
tion of  Time. 

Table  VII.    contains  the  amplitudes  of  the  sun  for  various  latitudes  and 
dodinations  calculated  by  Taylor's  logarithms  by  this  rule  : 
Log.  sec.  lat.  -|-Log.  sme  declination — 1 0.0000000 =Lo|.  sine  amplitude. 

Table  VIII.  contains  the  right  ascensions  and  declinations  of  76  stars  of 
the  first  and  second  magnitudes,  with*  their  annual  variations,  adapted  to 
the  beginning  of  the  year  1820.  This  table  was  formed  from  that  published 
by  the  Astronomer  Royal  at  Greenwich  (Mr.  Pond)  in  the  Nautical  Alma- 
nac for  182d,  with  the  addition  of  a  number  of  stars  from  the  Catalogue  of 
Baron  Von  Zach. 

Table  IX.    contains  the  time  of  the  sun's  rising  and  setting,  calculated  by 
Taylor's  logarithms  by  this  rule  : 
Log.  COS.  hourssLog.  tang,  declin.  +  Log.  tang,  latitude — 10.0000000. 

Table  X.  contains  the  dbtances  at  wmch  any  object  is  visible  at  sea, 
calculated  by  the  rule  given  in  §  195  of  Vlnce's  Astronomy,  in  which  the 
terrestrial  refirmction  was  noticed :  this  circumstance  was  neglected  by  Ro- 
bertson, Moore,  and  o^ers,  and  of  course  their  tables  are  erroneous.  The 
rule  given  by  Mr,  Vince,  expressed  in  logarithms,  is  this  : 

0.121&5+Half  log.  of  height  in  feet=Log.  of  dist  in  statute  miles. 

In  reducing  the  rale  to  logarithms,  the  radius  of  the  earth  was  caUed 
20911790  feet,  which  agrees  nearly  with  the  mean  value  given  in  X>e  La 
Lande*8  Astronomy.  ^, 

TamleXL  is  a  common  table  of  proportional  parts,  the  constnKtiOQ  of 
wJuch  does  aot  need  any  exptanation. 
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Prop.  lof;.  T=:4.0dd4788— log.  of  T.  in  seconds,  negtecting  the  three  right 

hand  figures  of  the  remainder. 
Table  XXIII.  was  first  constructed  by  Mr.  Douwesof  Amsterdam,  about 
the  year  1740,  for  which  he  received  £.50  of  the  Commissioners  of  Longi- 
tude in  England.  This  table  was  published  in  the  first  and  second  editions 
of  the  Requisite  Tables ;  in  the  former  of  which  it  was  carried  as  far  as  six 
hours ;  in  the  latter  the  table  of  Log.  Rising  was  extended  to  9  hours ;  in 
the  present  edition  of  this  work  it  b  extended  to  It  hours.  The  numbers 
in  this  table  are  easily  deduced  from  the  log.  sines,  log.  co-secants,  and  log. 
versed  sines  of  the  hour  to  which  they  correspond.  Thus,  if  the  time,  op.> 
posite  to  any  number  of  these  tables  turned  Into  degrees,  is  H,  we  shall  have 

Log.  i  elapsed  time  of  H=:log.  co-secant  H-~10.0000000 
Log.  middle  time  =Log.  sine  H-^.6989700 

T  ««.   *ja;«».  XI 5  =LoK«  versed  sine  H — 5.0000000 
Log-  rising H^^^^ ^^^  ^.^^ ^  H-14.6989700 

By  means  of  these  formulae,  the  numbers  of  Table  XXIII.  were  calculated  by 
Sherwin*s,  Button's  and  Taylor's  logarithms,  and  above  a  thousand  errors 
were  discovered  in  the  second  edition  of  the  Riequisite  Tables,  most  of  which 
were  in  the  additional  three  hours  (from  six  to  nine  hours)  not  published  in 
the  first  edition.  About  two  thirds  of  these  additional  numbers  differ  from 
their  true  values  by  one  or  two  units. 

Table  XXIV.  was  compared  with  Sherwin's  and  Hutton's  Tables,  and  a 
few  errors  corrected. 

Table  XXV.  contains  the  log.  sines,  log.  tangents,  &lc.  corresponding  tp 
points  and  quarter  points  of  the  compass.  This  was  compared  with  Sher- 
win's,  Hutton's,  and  Taylor's  logarithms. 

Table  XXV  I.  contains  the  common  logarithms  of  numbers,  which  wa's 
compared  with  Sherwin's,  Hutton's  and  Taylor's  logarithms. 

Table  XXVII.  contains  the  common  log.  sines,  tangents,  secants,  Slc« 
This  was  compared  with  Sherwin's,  Hutton's  and  Taylor's  tables.  Two 
additional  columns  are  |pven  in  this  table,  which  are  very  convenient  in  find- 
ing the  time  from  an  altitude  of  the  sun.  The  degrees  are  marked  to  180^, 
which  saves  the  trouble  of  subtracting  the  given  angle  from  180^  when  it 
exceeds  90°. 

Table  XXVIII.  was  calculated  by  proportioning  the  daily  variation  of 
the  time  of  tiie  moon's  passing  the  meridian. 

Table  XXIX.  contams  the  correction  of  the  moon's  altitude  for  parallax 
and  refraction,  corresponding  to  the  parallax  57'  80". 

Tables  XXX.  and  XXXI.  are  tables  of  proportional  parts,  taken  from  the 
Requisite  Tables,  with  a  few  corrections. 

Table  XXXII.  contains  the  variation  of  the  altitude  of  any  heavenly 
body  for  one  minute  of  time  from  noon,  for  various  degrees  of  latitude  and 
declination.  The  following  method  was  used  in  constructing  the  ta* 
ble:-— A  and  B  were  calculated  for  each  degree  of  declination  by  these 
formulse. 

Log.  A=Log.  l''.963494-2  log.  COS.  declination— SO.OOOOO. 

Log.  B=Log.  A.-f-log.  tang,  declination — 10.00000. 
and  then  the  correction  of  the  table  corresponding  to  the  zenith  distance  Z 
(:=Lat.  -fDec)  was  found  by  this  formulse.    A  X  co-taog.  Z  -f-  B.    To  fa- 

cilitate  the  computation  of  these  numbers,  a  table  of  the  products  of  A  by 
the  whole  numoers  from  1  to  9  was  calculated. 

Table  XXXIII.  contains  the  squares  of  the  minutes  and  parts  of  a  mi- 
nute corresponding  to  every  second  from  0''  to  12'  59".  This  requires  no  ex- 
planation. 

Table  XXXIV.  contains  the  error  of  an  observed  angle  arising  from  a 
deviation  of  1'  in  the  parallelism  of  the  surfaces  of  the  central  mirror,  those, 
surface^  being  supposed  to  be  perpendicular  to  the  plane  of  the  instrument. 
The  correction  in  the  fifth  column  of  this  table  corresponding  to  any  angle 


X  niKFACK. 

Table  XLV.  The  arguments  at  the  side  being  B  and  1£— B  hours, 
and  the  second  diflference  at  the  top  A,  the  correction  of  this  table  will  be 
A  X  B(ie—B) 
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Table  XL VI.  contains  tlic  Lntitudes  and  Longitudes  of  the  most  re- 
raarkable  ports,  harbours,  &.c.  in  the  world.  Great  alterations  were 
made  in  this  table  in  the  fifth  edition,  particularly  bj  the  insertion  of 
more  than  thirteen  hundred  additional  places  in  the  India  Seas  and  in  the 
Pacific  Ocean,  besides  various  corrections  in  other  parts  of  the  world,  con- 
sulting the  latest  and  best  authorities.  Several  corrections  and  additions  have 
also  been  made  in  the  present  edition. 

Table  XLVIL  contains  the  times  of  high  water  on  the  full  and  change 
of  the  moon,  with  the  vertical  rise  uf  the  tide,  at  many  ports,  harbours,  Sic. 
in  the  world.  This  table  (like  the  preceding)  depending  whoUy  on  observa- 
tions, is  therefore  liable  to  be  erroneous,  though  great  pains  have  been  taken 
to  make  it  as  correct  as  possible. 

Table  XLVIII.  (Appendix,  pages  616  and  617)  contains  the  variation  of 
the  altitude  of  an  object  arising  from  a  diange  of  100  seconds  in  the  declina- 
tion. 

Moat  of  the  tables  of  this  collection  have  been  republished  in  London  in 
fleveral  editions  of  a  work  having  the  following  title  :  "  The  Improved  Prac- 
tical  Navigator,  originally  written  and  calculated  hy  Nathaniel  Bowditch  ; 
retisedf  recalculated,  and  newly  arranged,  by  Thomas  Kirbt.*'  But  a  num- 
l>er  of  mistakes  hnve  been  miide  in  printing  the  Tables  of  Mr.  Kirby*s  first 
edition,  some  of  which  have  been  taken  notice  of  by  Dr.  Mackay,  in  the 
preface  of  his  '*  Complete  Navigator  ;'*  and  as  the  manner  in  which  those 
mistakes  are  mentioned  might  lead  the  reader  to  suppose  that  the  same  er- 
rors existed  in  the  American  Tables,  it  is  thought  proper  explicitly  to  state* 
that  not  one  of  the  **  many  errors  and  contradictions,**  Doctor  Mackay  has 
mentioned,  is  to  be  found  therein. 

It  may  be  observed  that  the  first  method  of  working  double  altitudes, 
given  in  page  ISd,  is  an  improvement  of  a  method  published  by  Mr.  Ivory. 
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siGXS  A^^)  abbreviations  used  in  this  work. 

Is  the  9Jgn  of  addition,  and  di-notes  that  t\- hat  ever  number  or  quantity 
follows  the  sign,  must  be  add(*d  to  those  that  f;o  before  it,  thus  9-|-S 
Mgnifie-«  that  8  is  to  be  added  tr»  9.  Or  A+B  implies  t!iat  the  quantitieri 
represented  by  A  and  B  an;  to  be  added.  The  sign  +  is  called  the 
posi^ne  sign. 

The  sign  of  subtraction ;  and  denotes  th<it  the  number  foHowing  it  must 
be  subtracted  from  those  goin?  before  it.  thus  7 — f;,  signifies  that  ^  must 
be  subtracted  from  7.  The  sign  —  is  called  the  negatirt  sign. 
Is  the  sign  of  multiplication,  iind  shows  that  the  numbers  placed  before 
and  after  it  are  to  he  multiplird,  thus,  7x9  pi^nifH^s  7  multiplied  by  9, 
which  makef:  63:  and  7x**X  -  signifies  th»-  rcintinued  product  of  7  by 
8  and  by  £,  which  makes  11^.  Multiplication  is  also  denoted  by  plac- 
ing a  point  between  the  quantities  to  he  multiplied;  thus  A.B  signifies 
that  A  is  to  be  multiplied  by  B. 

!«  the  sign  of  division,  and  signifies  that  the  number  that  stands  before 
it  is  to  be  divided  by  the  number  following  it,  as  7;I-r  1*^  shows  that  7-2 
is  to  be  dirided  by  1£.  Divi:>ion  may  al^io  he  denoted  by  placing  two 
points  between  the  numbers,  thus,  7-2  :  \Z  represents  7-2  divided  by  l-i 


i2 


or  by  placing  the  numbers  thus,  —  which  signifies  72  divided  by  12. 

12 

Q     or  Either  of  these  marks  is  used  for  connecting  numbers  to- 

gether, thus,  34-4 X  6,  or  (i"t+4)  X  C,  signifies  that  the  sum  of  S  and  4  is 
to  be  multiplied  by  6. 

—  Is  the  sign  of  equality,  and  shows  that  the  numbers  or  quantities  placed 
before  it  are  equal  to  those  following  it  :  thus  8x  I^='*)6.  Or  8  mul- 
tiplied by  1£  are  equal  to  9C,  and  7+1  x  4=30. 

:  : :  :  Is  the  sign  of  proportion,  and  is  marked  thus,  7  :  1 1  : :  10  :  ^0,  that  is, 
as  7  is  to  14,  so  is  10  to  '20.     Or  A  :  B  : :  C  :  I),  that  is.  as  A  is  to  B,  ^o 
is  C  to  D. 
-^     S'l^ifies  degrees ;  thus,  t^'^  repres«'nts  45  degrees. 
'     Signifies  minutes;  thus,  2^'  or  2\  minutes, 
''    Signifies  seconds;  thus,  U",  or  4  4  seconds. 
"'    Signifies  thirds  or  sixtieth  parts  of  seconds  ;  thus,  4  4'",  or  44  thirds. 

S.      Signifies  sine.     N.  S.  Signifies  Natural  sine. 

Sec  Signifies  Secant. 

Tan.  Signifies  Tangent. 

Co-^ne,  Co-tangent,  or  Co-secant  of  an  arch  signifies  the  sine,  tangent  or 
secant  of  the  complement  of  that  arch  respecti\  ely.  * 

.^     Signifies  Angle ;  with  an  s  at  tup  Annies,  -  .'• 

/Nd  Angled, 

j^     Signifies  Triangle,      ^'s  Trian^h^s. 

a     Signifies  a  square. 

'•>  ©r  ©  the  Sun.  O  or  J)  the  3Iooii.  5|c  a  Star.  L.  L.  Lower  Limli. 
U-  L'  Upper  Limb.  N.  L.  Nearest  Limb.  S.  D.  Semi-diameter. 
p.  L.  Proportional  Logarithm.  N.  A.  Nautical  Almanac.  Z.  IK 
Xfiiith  Distance.     D.  R.  Dead  Redvonins;. 
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DECIMAL  ABITHftlETIC. 


MA^nr  persons  who  liave  acquired  consideralUe  skill  in  common  Ariih- 
metic  are  unacquainted  with  the  method  of  calculating  by  decimals,  which 
is  oi  grrat  use  m  Navigation ;  for  which  reason  it  was  thought  proper  to 
j«reilx  the  ft^ownig  brief  explanation. 

iVoclioiu  or  VtUgar  Fractions  are  expressions  for  any  assignable  part  of 
am  unit ;  they  are  usually  denoted  by  two  numbers,  placed  Uie  one  above 
the  other,  witii  a  fine  between  them  :  thus,  i  denotes  the  fraction  one-fourth, 
or  cme  part  out  of  four  of  some  whole  quantity,  considered  as  divisible  into 
four  equal  parts.  The  lower  number  4  is  called  the  denominator  of  the  frac- 
tion, showing  into  Iiow  many  parts  the  whole  or  integer  is  divided ;  and  the 
upfier  number  1,  b  called  the  numerator,  and  shows  how  many  of  those  equal 
jMrts  are  contained  in  the  fraction.  And  it  is  evident  that  if  the  numerator 
and  denominator  be  varied  in  the  same  ratio,  the  value  of  the  fraction  will 
remain  unaltered :  thus  if  the  ntunerator  and  denominator  of  the  fraction  ^ 
he  midtiplied  by  t*  5,  or  4,  Stc.  the  fractions  arising  will  be  {,  ^^^  y^,  &c^ 
ivhich  are  evidently  equal  to  ^. 

Decimai  Fracikm  is  a  fraction  whose  denominator  is  always  an  imit  with 
some  number  of  ciphers  annexed,  the  numerators  of  winch  may  be  any 
numbers  whatever ;  as  |^,  jf^,  y^f^,  ^c.  And  as  the  denominator  of  a 
decimal  is  always  one  of  the  Aumbers  10,  100,  1000,  kc.  the  inconveniepce 
of  writing  these  denominators  may  be  avoided,  by  placing  a  point  between 
the  integral  and  the  fractional  part  of  tAe  number ;  thus  ^^  is  written  .3 ; 
and  .fijig  is  written  .14 ;  the  mixed  number  3  y^^,  consisting  of  whole  num- 
bers and  fractional  ones  is  written  3.14. 

In  setting  down  a  dedmal  fraction,  the  numerator  must  consist  of  as  many 
places  as  there  are  ethers  in  the  denominator ;  and  if  it  has  not  so  many 
ii;^res  the  defect  mint  be  supplied  by  placing  ciphers  before  them ;  thus, 
.,y^=:.l6,  y||^=.018,  yji^y5=.0016,  &.C.  And  as  ciphers  on  the  right 
hand  side  of  integers  increase  their  value  in  a  tenfold  proportion,  as 
5t  20,  SOO,  Slc  80  when  set  on  the  left  hand  of  decunal  fractions^  they  de- 
crease their  value  in  a  tenfold  proportion,  as  S,  .02,  .002,  &lc.  but  ciphers 
m4  on  the  right  hand  of  these  fractions  make  no  alteration  in  their  value, 
neither  of  increase  or  decrease ;  thus,  .2  is  tiie  same  as  .£0  or  .200.  The 
rommon  arithraetiea]  operations  are  performed  the  same  way  in  decimaK 
as  they  are  integers ;  regard  being  had  only  to  the  particular  notation,  to  dis- 
tinguish the  integral  from  the  fractional  part  of  a  sum. 

ADDITION  OF  DECIMALS. 

Addition  of  decimals  is  performed  exactly  like  that  of  whole  numbers, 
placing  the  numbers  of  the  same  denomination  luider  each  other,  in  which 
decimal  separating  points  will  range  straight  in  one  column. 

EXAMPLES. 

Miles.                            Feet.  InchcP. 

26.7                                1.20  ^72.3207 

iHAj                             2..il  .0134 

11.-5.206                            1.785  2.1576 

.003                           CO  31.4 


Sjitn  202.o:»9  7..^:!:*  3o:^807r 

r 


If 


DECIMAL  ARITHMETIC. 


SUBTRACTION  OF  DECIMALS. 

Subtraction  of  decimals  is  performed  in  the  same  manner  as  in  whole  num- 
bers, by  observing  to  set  the  figures  of  the  same  denomination  and  the  se- 
parating points  directly  under  each  other. 

EXAMPLES. 

From  31.267  36.75  1.254  1364.2 

Take     2.63  .026  .316  25.163 


Diff.   28.637 


36.724 


.938 


1339.037 


MULTIPLICATION  OF  DECIMALS. 

Multiply  the  numbers  together  the  same  as  if  they  were  whole  numbers,  and  point  off 
as  many  decimals  from  the  right  hand  as  there  are  decimals  in  both  fhctors  together ; 
and  when  it  happens  that  there  are  not  so  many  figures  in  the  product  as  there  must  b« 
decimaJfl,  then  i»efix  as  many  ciphers  to  the  left  hand  as  will  supply  the  defect 


EXAMPLE  I. 
Multiply  3.S5  by  4.6 
S.25 
4.5 


1.685 
13.00 


EXAMPLE  IV. 


Multiply  .17  by  .06 
.17 
.06 


Answer     14.6S5 

In  one  of  the  factors  is  one  decimal  and 

in  the  other  two,  their  sum  3  is  the  number 

of  decimals  of  the  product. 

EXAMPLE  H. 

Multiply  0.5  by  0.7 

0.5 

0.35  Answer.  • 

EXAMPLE  IH. 
Multiply  3.85  by  .05 
3.25 
.05 

.1625  Product. 


Answer       .0108 
In  each  of  the  Aietors  are  two  decimals, 
the  product  ongjht  therefova  to  contain  4, 
and  there  being  only  three  figvfes  Sn  the 
product  I  prefix  a  cq»ber. 


EXAMPLE  V. 


MulUply  .18  by  34. 
.18 
24 


Xnswer 
EXAMPLE  VI. 


72 

.% 

4.38 


Multiply  36.1  by  2.5 
36.1 
8.5 


18.05 
72.8 


AnsT^'cr        90.25 


DIVISION  OF  DECIMALS. 

Division  of  decimals  is  performed  in  the  same  manner  as  in  whole  numbers;  onlr 
oibeenring  that  the  number  of  decimals  in  the  quotient  must  be  equal  to  the  excess  oT 
the  nmnher  of  decimals  of  the  dividend  abore  those  (tf  the  divisor. — When  the  divisor 
contains  more  decimab  than  the  dividend,  ciphers  must  be  affixed  to  the  right  hand  of 
die  latter  to  make  the  number  equal  or  exceed  that  of  the  divisor. 

EXAMPLE  nr. 

Divide  3.1  by  .0062 

Previous  to  the  diTision  I  affix  a  number 
|of  ciphers  to  the  right  hand  of  3.1,  which 
does  not  alter  its  value. 


EXAMPLE  I. 
Divide  14.685  by  3.25 
3.25)14.625(4.5 
1300 


1625 
1685 

In  this  example  there  arc  8  decimals  in, 
the  divisor,  and  3  in  the  dividend,  hence 
ttere  is  one  decimal  in  the  quotient. 
EXAMPLE  II. 
Divide  0.35  by  0.7 
.7).:?5(.5 
.33 


.0068)3.100000(500.00 
310 


0000 


Therefore  the  answer  is  500.00  tir  500. 


DECIMAL  ARITHMETIC. 


.s 


EXAMPLE  IV. 

IMvidc  a6  bj  j06 

leo 


Here  bj  affixioc  a  cipher  to  9.6  it 
beromes  9.00,  and  has  then  2  decimals 
JO  it,  wUdi  is  the  same  number  as  is 
in  tlie  divisor,  therefore  the  quotient  is 
an  iDtefier  number. 


EXAMPLE  V 

Divide  I7.S96  by  1.16 
l.ie}l7.2S600Cii.875 
116 

S65 
464 

1016 
928 

"mo 

812 

680 
680 

100 


E3L\MPLE  n.  Rednce  |  to  a  decimal, 

S)SjOOO 


JSIS 


REDUCTION  OF  DECIMALS. 
If  you  wish  to  reduce  a  vulgar  fraction  to  a  decimal,  you  may  add  any 
muriber  o(  oplien  to  the  numerator,  and  divide  it  by  the  denominator,  the 
quotieiit  win  be  the  decimal  fraction ;  the  decimal  point  must  be  so  placed 
that  tboe  may  be  as  many  .figures  to  tiie  right  hand  of  it  as  you  adaed  ci- 
fben  Co  the  numerator ;  u  there  are  not  as  many  figures  in  the  quotient,  you 
mosC  piwe  ethers  to  the  left  hand  to  make  up  the  number. 

EXAMPLE  I.  Reduce  ^  to  adecimaLl    EXAMPLE  IV.    Reduce  3i|  inch« 

5)ij0  les  to  the  decimal  of  a  foot. 

3l=J :  this  divided.by  1«  is  ,\. 

34)7inO(-291  Answer. 
48 

23) 

40 
21 

16 

EXAMPLE  V.  Reduce  1  foot  and 
6  inches  to  the  decimal  of  a  yard. 

Here  1  foot  6  inches=18  inches. 

And  1  yard=36  inches,  therefore 
this  fraction  is  |f . 

36)1&0(.5  Answer. 
180 

Jf  you  have  any  decimal  fraction,  it  is  easy  to  find  its  value  in  the  lower 
denominations  of  the  same  quantity ;  thus  if  the  fraction  was  the  decunal  of 
a  yaid,  by  multiplying  it  by  3  we  have  its  value  in  feet  and  parts ;  if  we  mul- 
tiply this  by  12,  the  product  b  its  value  in  inches  and  parts;  and  m  the  same 
manner  the  values  may  be  obtained  in  other  cases. 


EXAMPLE  ni.    Reduce  3  inches 
to  the  decimal  of  a  foot. 

Since  IS  inches=l  foot,  this  frac 


tion  IS  ^. 


izysjQO 

.25 


EXAMPLE  VI. 
Required  the  value  of  3.25  yards. 


S2S 


.75 
IS 

AOO 


EXAMPLE  VII. 
Required  the  value  of  7.231  days* 


7J2St 
24 


Answer  3  yards,  0  feet,  9  inches. 


S8.400 

Answer  7  days,  5  hours, .%  fdiUm&t 
and  .SR  seconds. 


{     4     ) 


GEOMETRY. 

GE03IETRY  is  the  Science  which  treats  of  the  descriptiont  propertieffi 
and  relations  of  magnitudes  in  genera],  of  which  there  are  three  kinds  or 
species,  viz.  a  line  which  has  only  length  without  either  breadth  or  thick- 
ness ;  a  superfices,  comprehended  by  length  and  breadth,  and  a  solid,  wkith 
has  length,  breadth,  and  thickness. 

I. 
A  POINT  considered  mathematically  has  no  length,  breadth,  or  thickness. 

II. 
A  STRAIGHT  LINE  OR  RIGHT  LINE  is  the  shortcst  distance  between  the  two 

points  which  limits  its  length,  as  A C 

III. 
A  PLANE  SUPERFICES  is  that  in  which  any  two  points  being  taken,  th^ 
straight  line  between  them  lies  wholly  in  that  surface. 

Parallel  lines  are  such  as  are  in  the  same  plane  A  B 

and  whidi  extendi  infinitely  do  never  meet,  as  AB,  DC      D C 

V. 

A  circle  is  a  plane  figure,  bounded  by  an  imiform  curve  line ;  it  is  com  — • 
monly  described  with  a  pair  of  compasses;  on^  point  of  which  is  fixe^^ 
whilst  the  other  is  turned  round  to  the  place  where  the  motion  first  began  ; 
the  fixed  point  is  called  the  centre,  and  the  line  described  by  the  other  poin  t. 
is  called  tne  circumference.  q 

VI. 

The  radius  of  ^  circle,  or  semi  diameter, 
IS  a  right  line  drawn  from  the  centre  to  the  cir- 
cumference, as  AC  ;  or  it  is  that  line  which  is 
taken  between  the  points  of  the  compasses  to  ^ 
describe  the  circle. 

A  diameter  of  a  circle  is  a  right  tine  drawn 
through  the  centre  and  terminated  kt  both  ends  jv 
l)y  the  circumference,  as  ACB,  and  is  the  dou- 
ble of  the  radius  AC.  A  diameter  divides  the 
circle,  and  its  circumference  into  two  equal 
parts.  VII.  F 

An  ARCH  of  a  circle  is  any  part  or  portion  of  the  circumference,  as  DF£. 

vm. 

The  chord  of  an  arch  is  a  straight  line  joining  the  ends  of  the  arch ;  it 
divides  the  circle  into  two  unequal  parts,  called  segments,  and  is  a  chord  to 
them  both,  as  DE  is  the  chord  of  tne  arches  DFE  and  D6E. 

IX. 

A  semicircle,  or  half  circle,  is  a  figure  contained  under  a  diameter  and 
the  arch  terminated  by  that  diameter,  as  A6B  or  AFB.  Any  part  of  a  circle 
contained  between  two  radii  and  an  arch,  is  called  a  sector. 

X. 

A  quADRANT  is  half  a  semicircle,  or  one-fourth  part  of  a  whole  circle,  a» 
the  figure  CA6. 

Note.  All  drcles,  whether  great  or  small,  are  supposed  to  have  their  cir- 
cumference divided  into  360  equal  parts,  called  degrees,  and  eaeh  degree  into 
60  equal  parts,  called  minutes ;  and  each  minute  into  60  equal  parts,  called 
seconds,  and  so  on  into  thirds,  fourths,*  &lc.  and  an  arch  is  saia  to  be  of  as 
many  degrees  as  it  contains  parts  of  the  S60,  into  which  the  circumference 
is  divided. 


*  A  MW  dWteon  of  the  drcomfereBce  of  the  circle  hat  lately  been  adopted  by  lerefal  cninent 

French  laatibaMaiciaot.  la  whicfa  Uie  cniadrant  is  dhrkted  into  lOO*,  each  dcgiee  ioCo  IW,  each  nii- 

niite  jnto  lOO",  lic.  and  taUei  of  lonrtthms  have  been  pnliUihed  conformab^  tharafo.   The  general 

,122*^^  ^f*"'  <nviaoo  woDid  tendcqpady  to  facilitate  mt^  of  the  cpdctilalion*  of  mrhnohm  and 


GEOMETRY. 

XI.'  V 

\n  ixcLE  is  the  iocUnation  of  two  lines  whicii 
vieet  bat  Dot  in  the  same  direction. 

in  an^  is  usually  expressed  by  the  letter  placed 
Kthe  angular  point,  as  tne  angle  A.  But  when  two 
m  more  angles  are  at  the  same  point,  it  is  then  ne- 
OMry  to  express  each  by  three  letters,  and  the  let- 
ter it  the  angular  point  is  placed  between  the  two. 
TbuSftbe  angle  formed  by  the  lines  AB,  AC,  is  call- A 
ed  the  angle  BAG  or  CAB,  and  that  formed  by  AB,  AD,  is  called  the  angle 
BAD,  or  DAB. 

A»  mgk  is  measured  hy  the  arch  of  a  cirek  comprehended  between  the  twa 
Up  that  form  Ifte  an^lt,  the  centre  of  the  circle  being  the  an^gular  point. 

This  the  angle  A  is  measured  by  the  arch  BC  describ- 
ed round  &e  point  A  as  a  centre,  and  the  angle  is  said  to  B. 
be  of  as  many  degrees  as  the  arch  is,  that  is,  if  the  arch 
BCbSO^fthen  the  angle  BAC,  is  said  to  be  an  angle  of  SO  A 
degrees. 

XII.  c 

U  t  right  fine  AB,  fall  upon  another  DC,  so  as  to  incline  neither  to  the  one 


nor  the  other,  but  niakes  the  angles  ABC, 
ABD,  equal  to  each  other ;  then  the  hne  AB  is 
«id tohtperpen^emlar  to  the  line  DC,  and  each  of 
tbcse  angles  is  caDed  a  right  angle,  being  each  equal 
to  a  quadraDt  or  90^;  because  the  sum  of  the  two 
*oi^  ABC,  ABD,  is  measured  by  the  semicircle 
DAC,  described  on  the  diameter  DBC,  and  cen- 
tre B. 

XIII. 
An  Acute  Anoi.e  is  less  than  a  right  angle,  as 
-\BC. 


XIV. 
Ad  Obtuse  A^gle  b  greater  than  A  right 

Tlie  least  number  of  right  lines  that  can 
"•^^^  a  space,  are  three  which  form  a  fi- 
gM^  caDed  a  Triangle,  consistuig  of  six 
P*rt*i/i2.  three  sides  and  three  angles :  it 
B  distinguished  into  three  sorts,  viz.  a  right 
^^N  triangle,  an  obtuse-angled  triangle, 
™  an  acute  angled  triangle. 

XV. 

ARIGBT-A5GI.ED  Tria5gle  has  one  of  its  angles  right : 
"^  side  opponte  the  right  angle  Is  called  tiie  hypotenuse  ; 
''^^^  the  other  two  sides  are  called  legs ;  that  which  stands 
J'P'Isht,  b  called  the  perpendicular,  and  the  other  the 
«* ;  thus  BC  is  the  hypotenuse,  AC  the  perpendicular, 
^  AB  the  base ;  the  angles  opposite  the  two  legs  are 
■^  acute. 


XVI. 
^  AcuTE-AHOLED  Tbia:»©le  has  each  of  it«« 
=*^»cute,asDEO. 


■    ClUfJ  itUfM-atllBl 


•i  U£OM£TRY. 

XVII.        , 

All  Obtuse-Anbi^d  TbianoiiE  haa  one  of 
angles  obtuae,   or  greater  than  a  right  ai^e, 
KAF ;  the  other  two  angles  arc  acute. 
NOTE.   All  triu(la  tbu  ttt  BM  rl(lit 

"  XVIII. 

:  figure  ia  one  bounded  by 
four  ai^es,  as  ACI^B.  If  the  opposite  sides  are 
parallel  Ihej'  are  called  r^JUU^ELoeaAHS.  Thus 
if  AC  be  paraUel  to  BD,  and  AB  parallel  to  CD, 
the  figure  ACDB  is  a  paralletogram.*  A  parallelo- 
Kram  having  all  its  lidei  equal,  and  its  angles  right, 
is  called  a  s^UAUt,  aa  B.  When  the  angles 
are  right,  and  the  oppoaite  adei  only  equal,  it 
h  called  a  rectam«u,  as  A. 


XIX. 

The  SiHX  of  an  arcli  is  a  line  drawn 
from  one  end  of  the  arch  perpendi- 
cular to  a  diameter  dran^  through 
the  other  end  of  the  same  arch ;  thus 
RS  IB  the  sue  of  the  arch  AS, 
KS  being  a  line. drawn  from  one  end 
S  of  that  arch,  perpendicular  to  DA 
which  Is  the  diameter  pasHiig  through 
ihe  other  end  A  of  the  arch. 
XX. 

The  Co-aiKE  of  an  arch  is  the  sine 
of  the  tompkma^  of  that  arch,  i 
n'hat  that  arch  wants  of  a  quadi 
thus  AH  being  a  quaflrant,  the  arch 
SU  is  the  complement  of  the  arch 
AS ;  SZ  is  the  sine  of  the  arch  8H,' 
or  the  co-sine  of  the  arch  AS. 


XXI.  _  _ 

"Hic  Versed  Sink  of  an  arch  is  that  part  of  the  diameter  contained  b« 
tween  the  sine  and  the  arch ;  thus  KA  is  tlie  versed  sine  of  the  arch  AS,  am 
DCR  ia  the  Tcraed  sine  of  the  arch  DHS. 
XXll. 
The  Tanoent  of  an  arch  is  a  right  line  drawn  perpendicular  to  the  ^ame 
ter  passing  through  one  end  of  the  arcb,  and  terminated  by  a  line  drawi 
from  the  centre  through  the  other  end  of  the  ardi ;  thus  AT  is  the  tangen 
uf  the  arch  AS. 

xxin. 

The  Co-TAKOENT  of  an  arch  is  the  tangent  of  the  complement  of  tha 
arch  to  a  quadrant ;  thus  HG  is  the  tangent  of  the  arch  HS  ,or  the  co-tan 
gent  of  the  arch  AS. 

XXIV. 

The  Secant  of  an  arch  is  a  right  line  drawn  from  Uie  centre  through  on 
end  of  the  arch  to  meet  the  tangent  drawn  from  the  other  end ;  thus  CT  i 
the  secant  of  the  arch  .\S. 


GEOMETRY. 


XXV.     . 

ThcCo-fECAXT  of  an  arch  is  tlie  secant  of  the  complement  of  that  arch  (o 
a  quadfuit,  thus  CG  is  the  secant  of  the  arch  SH,  or  co-secant  of  the  arch  AS. 

XXVI. 
Wht  an  arch  wants  of  a  semicircle  is  called  the  Supplemknt  of  the  arcli, 
x)hs,  the  arch  DHS  is  the  supplement  of  the  arch  AS.    The  sine,  tangent,  or 
maot  of  an  arch,  is  the  same  as  the  sine,  tangent,  or  secant  of  its  supplement; 
Ifms,  the  sine  of  80^=sine  of  100^  and  the  sine  of  70O=sine  of  1 10^,  &lc. 

XXVII. 
//  one  lint  AB  fall  emu  uay  upon  another  CD,  the 
nm  oftke  hto  angles  ABD,  ABC  is  always  equal  to 
iwoHiht  angla. 
For  on  the  point  B  as  a  centre,  describe  the  cir- 

mhr  arch  CAD,  cutting  the  line  CD  in  C  and  D ; ^ 

tbfD  (hjf  art.  6^  this  arch  is  equal  to  a  semicircle,  but       C         B  I> 

it  isaho  f<\ual  to  the  sum  of  the  arches  C  A  and  AD,  the  measures  of  the  two 
aaijin  \BC,  ABD :  therefore  the  sum  of  the  two  ancles  is  equal  to  a  semi- 
cirete,  or  two  riigfat  an^^s.  Hence  it  b  evident  that  u\  the  angles  which  can 
be  mde  from  a  point  in  any  line,  towards  one  side  of  the  line,  are  equal  to 
two  riefat  angles,  and  that  all  the  angles  which  can  be  made  about  a  point,  mra 
^qml  to  four  right  angles. 

••  XXVIII. 

If  a  lim  AC  cross  another  BD  in  the  point  £,  the  opposite  angles  will  he 
'M  Til.  BEA=CED,  and  BEC=:AED.  ^ 

Upon  the  point  £  as  a  centre,  describe  the  circle 
ABCD :  then  it  is  evident  that  ABC  is  a  semicirde, 
»a]»BCD  fhu  the  Sth)  therefore  the  arch  ABC  =archB 
BCD.  taking  from  both  the  common  arch  BC,  there 
i^niains-AB=:CD.  that  is,  the  angle  BE  A  equal  to  the 
*nsle  CED.  After  the  same  manner  we  may  prove 
that  the  angle  BEC  is  equal  to  the  angle  AED. 

XXIX. 

U  a  line  GH  cross  tuio  parallel  lines,  AB,  CD,  t*  maJces  the  external  opposite 
csekiupal  to  each  olfcer,  viz.  GEB=CFH  and  AEG=HFD. 

For  since  AB  and  CD  are  parallel  to 
*-;irh  other,  they  may  be  considered  as  one 

broad  /ne,  and  GH  crossing  it :  then  the  A  EX  B 

^•-rtical  or  opposite  angles  GEB,  CFH" 
areequairAyor*.  SSjas  also  AEG=HFD. 

XXX. 
V  0  line  GH  cross  two  parallel  lints 
AB,  CD  (see  the  fiicure)  the  alternate  an- 
r«  AEF  and  EFD,  or  CFE  and  FEB 

^F«rGEB=AEF  (art,  28;  as  also  CFH=:EFD  (by  the  same  art,)  but 
JiKBsCFH  by  the  last  Therefore  AEF  is  equal  to  EFD ;  in  the  same  way 
'n^y  we  prove  FEB=CFE. 

,,  XXXI. 

,  ' If  d  line  GH  cross  tvo  parallel  lines  AB,  CD  (see  the  preceding  figure)  the 
^'^'^  angle  GEB  is  equal  to  the  inUrnal  opposite  one  EFD,  or  AEG  eqml 
'  ■  tt. 

^•f  the  angle  AEF  is  equal  to  the  angle  EFD  by  the  last,  and  AEF=GEB 
^*J  «rt.  ZZ)  therefore  GEB=EFD ;  in  the  »ame  way  we  may  provr 
AEGsCFE.  XXXII. 

»  V  Mw  GH  cross  tteo  parallel  lines  AB,  CD  (see  the  prpc«*ding  figure)  the 
**""  i^  two  inttmal  angles  BEF  and  DFE,  or  AEF  and  CFE  is  equal  to 
f^'^ir^^sgUs. 

*"'"'  -»«:  thf  angl«-  GEB  i?  equal  to  the  anj:lf  EFD  (bif  the  last)  to  both 
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add  the  angle  BEF,  and  we  have  GEB+BEF=BEF+El*^D.  but  GEB^ 
BEF=:two  right  angles  fart,  rt.)  Hence  BEF+EFD=two  right  angles  ? 
and  in  the  same  manner  we  may  prove  AEF+CFE=:two  right  angles. 

XXXIII. 
In  any  triangk  ABC,  oiit  of  its  legs,  as  BC  being  produced  toteards  D,  the. 
external  angle  ACD  is  equal  to  the  sum  of  the  internal  and  opposite  angles 
•  ABCt  BAG* 

To  prove  this,  through  G  draw 
CE  parallel  to  AB;  then  since 
GE  IS  parallel  to  AB  and  the' 
lines  AC,  BD  cross  them,  the  an- 
gle EGD=ABC  (by  artieU  SI) 
and  AGE=BAC  (iy  articU  do)B 
adding  these  together  we  have 
ECD+ACEf=ABC+BAC;  but 
EGD+ACE=ACD,  therefore  ACD=ABC+BA,C. 

XXXIV. 
Hence  it  may  be  prated  that  if  any  two  lines  AB  and  CD,  be  crossed  by  a 
third  line  EF,  and  the  altemaU  angles  AEF  and  EFD  be  equal,  the  lines  AB 
and  CD  toiU  beparcdlel. 

For  if  they  are  not  parallel, 
they  must  meet  each  other  on 
one  side  of  the  line  EF  (suppose 
at  G)  and  so  form  the  triangle 
£GF,  one  of  whose  sides,  GE 
being  produced  to  A,  the  exte- 
rior angle  AEF  must  (by  the  pre- 
ceding article)  be  equal  to  the 
sum  of  the  two  angles  EFG  and 
EGF ;  but  by  supposition  it  is 
rqual  to  the  angle  EFG  alone; 
therefore  the  angle  AEF  must  be 
equal  to  the  sum  of  the  two  an- 
gles EFG  and  EGF,  and  at  the  same  time  equal  to  EFG  alone,  which  is  aK* 
surd  ;  therefore  the  lines  AB,  CD  cannot  meet,  and  must  be  parallel. 

XXXV. 
In  any  right  lined  triangle  ABC,  the  sum  of  tJie  three  angles  is  equal  to  two 
right  angles. 

To  prove  this,  you  must  produce  BC  fin  the  fig.  art.  S3,j  towards  D,  then 
(by  art.  SS;  the  external  angle  ACD=ABC+BAC,  to  both  add  the  an^e 
ACB  and  we  have  ACD-{-ACB=ABC-f  BAC+ACB,  but  ACD+ACB=s 
two  right  angles  (by  art.  %7.J  Hence  ABC-{-BAC-f  ACB=two  ri|;ht  angles ; 
therefore  the  sum  of  the  three  angles  of  any  plain  triangle  ACB  is  equal  to 
two  right  angles. 

XXXVI. 
Hence  in  any  plain  triangle,  if  one  of  its  angles  be  known,  the  sum  of  the 
other  txjDO  will  be  also  hfown. 

For  by  the  last  article  the  sum  of  all  three  angles  is  equal  to  two  right  an- 
gles or  180^,  hence,  by  subtracting  the  given  angle  from  180^,  the  remainder 
will  be  the  sum  of  the  other  two.  * 

In  any  ri^ht  angled  triangle,  the  tivo  acute  angles  taken  together  are  just 
equal  to  a  right  angle :  for  all  three  angles  being  equal  to  two  right  angles, 
and  one  an^le  being  right  by  supposition,  the  sum  of  the  other  two  must  be 
(>qual  to  a  nght  angle,  consequently  any.  one  of  the  acute  angles  being  given, 
the  other  one  may  be  found,  by  subtracting  the  given  one  from  90  degree!;. 

XXXVII. 
If  in  any  two  triangles  ABC,  DEF,  two  legs  of  the  one,  AB,  AC,  be  equal 
to  ttfo  legs  of  the  othitr  DE,  DF,  tach  tp  epfh  rtspgctively,  thfit  is  AB=DE  oiui 
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XLI. 

An  angle  at  the  circumftrenee  is  measu^  by  ktd/ihe  arch  U  tiUfttnds. 

For  an  an(|;le  at  the  centre  standing  on  the  same  arch  j^ 

)h  measured  by  the  whole  arch  (by  art.  11^;  but  since  an 
an^le  at  the  centre  is  double  that  at  the  circumference,  ^ 
(art,  40^  it  is  evident  that  an  angle  at  the  cbrcumference  ^^ 
muitt  be  measured  by  half  the  arch  it  stands  upon. 
Hence  all  angles  ACB,  ADB,  AEB,  fic  at  the  eireum- 
ference  of  a  circle  standing  on  the  same  chard  AB  are   } 
equal  to  each  other ;  for  they  are  all  measured  by  the  same 
arch,  viz.  half  the  arch  AB. 

XLII. 

An  angle  in  a  ugment  greater  than  a  semicircle  is  less 
than  a  right  angle. 

Thus  if  ABC  be  a  segment  greater  than  a  semidrde, 
the  arch  AC  on  which  it  stands  must  be  less  than  a  semi- 
circle, and  the  half  of  it  less  than  a  quadrant  or  a  right 
angle ;  but  the  angle  ABC  in  the  se^ent  b  measurad  ^ 
by  the  half  of  the  arch  AC ;  therefore  it  is  less  than  a 
ri|^t  angle. 

An  angle  in  a  semicircle  is  a  right  angle. 

For  since  DEF  is  a  semicircle,  the  arch  DKF  must 
also  be  a  semicircle ;  but  the  angle  DEF  is  measured  by 
half  the  arch  DKF,  that  is,  by  half  a  semicircle  or  by 
a  quadrant ;  therefore  the  angle  DEF  is  a  right  one. 

An  angle  in  a  segriKnt  less  than  a  semicircle  is  greater 
than  a  ri^ht  angle. 

Thus  if  GHI  be  a  segment  less  than  a  semicircle,  the 
arch  GLI  on  which  it  stands  must  be  greater  than  a  se-^ 
midrcle,  and  its  half  greater  than  a  quadrant  or  right 
angle :  therefore  the  angle  GHI  which  is  measured  by 
lialf  the  arch  GLI  is  greater  than  a  right  angle. 

XLIII. 

If  from  the  centre  C  of  the  circle  ABE,  there  be  let  fall 
the  perpendicular  CD  on  the  chord  AB ;  it  will  bisect  the 
chord  tn  the  point  D. 

Draw  the  radii  CA,  CB,  then  (by  art.  S9j  the  angle 
CBAssthe  angle  CAB,  and  as  the  angles  at  D  are  right, 
the  angle  ACD  must  be  eoual  to  the  angle  BCD  (Inf  art. 
S6.>  Hence  in  the  triangles  ACD,  BCD,  we  have  the 
angle  ACD  equal  to  the  angle  BCD,  CA=CB  and  CD 
common  to  both  triangles,  consequently  (by  art,  S7) 
AD=DB,  that  is,  AB  is  bisected  at  D. 

XLIV. 

If  from  the  centre  C  of  the  circle  ABE  there  be  drawn  a 


^         ,,. CA 

to  the  chord  ABy  and  it  be  continued  to  meet  the  circle  in  F,  it  wiU  bisect  the 
irch  AFB  in  F.    (See  the  preceding  figure.) 

For  in  the  last  article  it  was  proved  that  the  angle  ACD=the  angle  BCD«. 
hence  (by  art.  1 1)  the  arch  AFscthe  arch  FB. 

XLV. 

Any  line  bisecting  a  chord  at  right  angles  is  a  diameter. 

For  since  (by  art.  4S)  a  line  drawn  from  the  centre  perpendicular  to  a  chord, 

bisects  that  chord  at  right  angles,  therefore  conversely  a  line  bisecting  a  chonl 

rit  right  angles,  must  jhws  thn>ugh  the  centre,  and  consequently  be  a  diameter. 
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XLVI. 
Tkamt  of  any  arch  is  equal  to  half  the  chord  of  twice  that  arch. 
Tor  fm  ffte  loMt  scheme)  AD  is  the  sine  of  the  arch  AF,  and  AF  is  equal  fo 
lialf  the  arch  AFB  and  AD  half  the  chord  AB,  whence  the  proposition  is 


XLVII. 

Iftmo  eqmU  and  parallel  lints  AB,  CD,  be  joined  by  4, 
Iwo  •f^ri,  A  C,  BD,  Meae  will  be  also  equal  and  parallel. ' 

To  deiDonstrate  this,  join  the  two  opposite  angles 
A  and  D  with  the  line  AD ;  then  it  is  evident  that  the 

line  AD  divides  the  quadrilateral  ACDB  into  two  tri- . 

ai^fei  ABD,  ACD,  in  which  AB  is  equal  to  CD  byC  of 

supporitioDf  and  AD  is  common  to  both  triangles ;  and  since  AB  is  paraDel  to 
CD,  tile  ai^le  BAD  is  equal  to  the  angle  ADC  (by  art.  SO),  therefore  in  the 
tiro  triangles,  the  sides  AB,  AD,  and  the  angle  BAD  are  equal  respectively 
to  the  sides  CD.  AD,  and  the  angle  ADC  ;  hence  (by  art.  3?)  BD  is  equal  to 
AC,  and  the  ao^  DAC  equal  to  the  angle  ADB ;  therefore  (by  art.  34)  the 
lines  BD,  AC,  most  be  parallel. 

Cvr.  Hence  it  follows  that  the  quadrilateral  ABDC  is  a  parallelogram,  since 
the  opposite  sides  are  paraUel.  It  is  also  evident  that  in  any  parallelogram^ 
the  line  joining  the  oppoute  angles  f'called  the  diagonal)  as  AD,  divides  the 
Ignre  mto  two  equal  parts,  since  it  has  been  proved  that  the  triangles  ABD, 
ACD,  are  equal  to  each  other. 

XLVIII. 

It  foDows  also  from  the  preceding  article,  that  a  triangle  ACD  (see  the  pre- 
€eimg  figure)  on  the  same  base,  and  between  the  same  parallels  with  a  parol- 
khgram  ABDC,  tt  ffte  htdf  of  that  parallelogram. 

XL\X. 

From  the  same  article  it  also  follows,  that  the  opposite  sides  of  a  parol* 
klogram  are  equal.  For  it  has  been  proved,  that  ABDC  being  a  parallelo- 
gram, AB  is  equal  to  CD,  and  AC  equal  to  BD. 

Li. 

All  paralklograms  on  the  same  or  equal  bases,  and  between  the  same  pardl- 
iels^  are  equal  to  each  other ;  that  is,  if  BD  and  GH  be  equal,  and  the  lines 
BH,  AF  be  parallel,  Ae  parallelograms  ABDC,  BDFE  and  EFHG  will  be. 
equal  to  each  oAer. 

For  ACis  equal  to  EF  each  being 
equal  to  BD  (by  art.  49)  to  both  add 
CE  and  we  have  AE  equal  to  CF; 
therefore  in  the  two  triangles  ABE, 
CDF ;  AB  is  equal  to  CD,  and  AE  is 

equal  to  CF,  and  the  angle  BAE  is 

equal  to  DCF  (by  art.  31,;  therefore  B      U  G-       H 

the  two  triangles  ABE,  CDF  are  equal  (by  art.  37J  and  taking  the  triangle 
CKE  from  both,  the  figure  ABKC  is  equal  to  the  figure  KDFE,  to  both  whicli 
add  the  little  triangle  KBD,  and  we  have  the  parallelogram  ABDC  equal  to 
the  parallelogram  BDFE.  In  the  same  way  it  may  be  proved  that  the  pa- 
nlMogram  EFHG  is  equal  to  the  parallelogram  BDFE ;  therefore  the  three 
psrsDelograms  ABDC,  BDFE,  and  EFHG  are  equal  to  each  other. 

Cor.  Hence  it  follows,  that  triangles  on  the  same  base  and  between  the  same 
ftrMls  are  equal,  since  they  are  the  half  of  the  paiallelograms  on  the  same 
Wtt  and  between  the  same  parallels  (by  art.  48.  j 

LI. 
Isaiy  right  angled  triangle,  the  sqtiare  of  the  hypotenuse  is  equal  to  the  sum 
^f^9quares  of  Vie  two  sides.     Thus  if  BAC  be  a  right  angled  triangle  the 
•fpnt%f  the  hypotenuse  BC,  viz.  BCMH,  is  equal  to  the  sum  of  the  squares 
"w*«me  la»  sides  ABandAC,  viz.  to  ABDE andACGF. 

1V>deBonstrate  this,  through  the  point  A  draw  AKL  perpendicular  to  the 
hypotemse  BC    Join  AH,  AM,  DC,  and  BG ;  then  it  is  evident,  that  DB 
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is  equal  to  BA  (is  "'''-  ^^}  ^"^  ^^  equal  to  BC,  therefore  ia  flie  tnattftt* 
DBC,  ABH,  the  two  le|s  DB,  BC  of  the  ooe  are 
equal  to  the  two  tegs  AB,  BH,  of  the  other;  and 
the  included  angles  DBC  and  ABH  are  also  equal, 
(for  DBA  is  equal  to  CBH  being  both  right,  to  each 
add  ABC  and  we  have  DBC  equal  to  ABH)  there- 
foK  the  triangles  DBC,  ABH  are  equal  ffty  art.  37 J  . 
but  the  triangle  DBC  is  half  of  the  square  ABDE 
f^  art.  4S>  and  the  triangle  ABH  is  half  the  paral- 
lelogram BKLH  (by  tht  tame  art.)  consequently  the 
square  ABDE  is  eiiual  to  the  paralklogram  BKLH. 
In  the  same  way  it  mav  be  proved  that  the  square 
ACOF  is  equal  to  the  parallelogram  KCHL. 
Therefore  die  sum  of  the  aquares  ABDE  and 
ACGF  is  equal  to  the  mm  of  the  parallelograms  BKLH  and  KCML;  but 
the  sum  of  these  parallelograms  is  equal  to  the  square  BCMH,  therefore  the 
mm  of  the  squares  on  AB  and  AC  is  equal  to  the  square  on  BC 

Cor.  Hence  in  any  right  angled  triangle,  if  we  hare  the  hypotenuse  and 
one  of  the  legs,  we  may  easily  And  the  other  log,  by  taking  the  square  of  the 
giren  leg  from  the  square  of  the  hn>otonuse,  the  square  root  of  the  remainder 
will  be  the  sought  leg.  Thus  if  the  hypotenuse  was  IS,  and  one  leg  was  5, 
the  other  leg  would  be  IS,  for  the  square  of  5  is  25,  and  the  square  of  19  is 
169,  subtracting  25  from  169  leaves  144,  the  square  root  of  which  is  IS.  If 
both  legs  are  given,  the  hvpotenuse  may  also  be  found  by  extracting  the 
itquare  root  of  the  sum  of  tne  squares  of  tiie  legs ;  thus  if  one  te^  was  6,  and 
(he  other  8,  the  square  of  the  first  is  36,  the  square  of  the  second  is  B4,  adding 
36  and  64  together  gives  100,  whose  square  root  is  10,  which  is  the  sought 
hrpotenuse. 

LH. 


Iitfea  are  mid  to  he  proportional,  aihen  the  magidtudt  of  tht  fint 
Airdampand 


t  the  magnitude  of  the  t 


Four  a  ^    . 

eomparta  trttt  the  teeond  it  Iht  tame  a 
irith  the  fourth. 

Thus  4,  8,  IC  and  24,  are  proportional,  because  4  is  half  of  S,  and  IX  is  half 
of  24 ;  and  if  we  take  equi-multiples  AX",  X  X  b,  of  the  quantities  a  and  b, 
and  other  equi-multipleB£x<i'  0 X  6.  of  the  same  quantities  o  and  b,  the  fout 
quantities^  X4  jixb,  fixe,  ^X^  will  be  proportional,  for  ilxo  compared 
with  i4xA  's  of  the  same  magnitude  as  a  compared  with  b,  and  BX"  com- 
pared wUfa  Bx  i  is  also  of  the  same  magnitude  as  a  compared  with  b. 

Lin7 

In  any  trvmgk  AGg  if  a  Une^nbe  drapn  paratUl  to  either  of  the  ndtt  a 
Gg,(fce«(fc  AgtpiHfa  to  AE,  OS  Agf    "  " 

To  demona^to  this,  upon  the  line 
AG  take  the  line  AB  so  that  a  certain 
multiple  of  it  may|  be  equal  to  AE, 
and  another  multiple  of  it  may  be 
equal  to  AG;  this  may  be  always 
done  accurately  when  AE  and  AG 
are  commenaivable ;  if  they  are  not 
accurately  commensurable,  the 
ouantity  AB  may  be  taken  so  small 


auantity  AB  ma^  be  taken  so  small           ->r- 
lat  certain  multiples  of  it  may  difier  fe^Li  .^__^__ 

Irom  AE  and  AG  respectively  hy  6      C       t/      P     /^       , 

Jaantities  less  than  any  assigntblc.  On  tfre  line  AG,  take  BC,  CD,  DE,  EF 
G,  ke.  each  equal  to  AB,  and  through  these  points  draw  the  tines  Bb,  Cc 
fce.  pwallel  to  Gg,  cutting  the  Une  Ag  in  the  poinb  b,  c,  d,  e,  itc.  draw  olsc 
ttte  Unes  BM,  CL,  DK,  Itc.  paraliel  to  Ag,  cutting  the  former  parallels  in  th< 
ptinta  N,  O,  P,  t*c.  and  the  line  Gg  in  the  points  H,  L,  K,  be  Then  th< 
triaoriea  ABb,  BCN,  CDO,  be.  are  similar  and  equal  to  each  other  •  for  th< 
iin«s  Bb,  CN  are  pwrallel,  therefore  the  angle  ABb=BCN  fSy  art.  aij  ant 
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therefore  since  in  the  two  triangles  CDF,  cdf,  the  two  angles  FCD,  CDF  of 
the  one,  are  equal  to  the  two  angles  fed,  cdf;  of  the  other,  each  to  each,  the 
xemaining  angle  CFD  is  also  equal  to  the  remaining  angle  cfd,  (hy  art.  96 ;) 
consequently  the  triangles  CFD,  cfd,  are  similar.  The  triangles  BCD,  bed 
are  also  similar,  for  the  angle  CBD  is  equal  to  the  angle  CDB,  being  each 
subtended  by  the  radius ;  therefore  (hy  art.  S9)  each  of  these  angles  is  equal 
to  half  the  supplement  of  the  angle  BCD ;  and  in  the  same  manner  the  an- 
gle cbd  or  cdb  is  equal  t0  half  tne  supplement  of  the  angle  bed,  and  since 
2^e  angle  BCD  is  equal  to  bed,  the  angles  of  these  two  triangles  must  be 
equal,  consequently  tiiey  are  sisiilar.  Tne  triangles  BCE,  bee  are  also  simi- 
lar, because  BE  is  parallel  to  FD,  and  be  parallel  to  fd.  Hence  we  obtain 
(by  art.  54^  the  following  analogies.  CD  :  cd  :  :  FD :  fd ;  CD  :  cd  : :  BD :  bd ; 
CB  :  cb  :  :  BE  :  be,  &lc. 

LVI. 
Let  ABD  be  a  quadrant  of  a  circle,  described  by  the  ra- 
dius CD,  BD  any  arch  of  it,  BA  its  complement,  BG  or  CF 
the  sine,  CG  or  BF  the  co-sine,  DE  the  tangent,  AH  the  >. 
co-tangent,  CE  the  secant,  and  CH  the  co-secant  of  that 
arch  BD.    Then  since  the  triangles  CDE,  CGB,  are  simi- j<{ 
lar  or  equi-angular  we  shall  have  (hy  art.^%)  DE  :  CE  : 
BG :  CB,  that  is,  the  tangent  of  an  arch,  is  to  secant  of  the 
same,  as  the  sine  of  it  is  to  radius.    Also,  CE  :  CD  :  :  CB  : 
CG ;  that  is,  the  secant  b  to  radius  as  the  radius  to  the  co- 
sine of  an  arch.    Also,  CF  :  CA  :  :  CB  :  CH,  that  is,  the  C       G      9    ' 
sine  is  to  radius  as  radius  to  the  co-secant  of  an  arch ;  and  since  the  triangle 
CAH  is  similar  to  the  triangle  CDE,  we  have  AH  :  CA  :  :  CD :  DE,  that  is^ 
the  co-tangent  is  to  the  radius  as  the  radius  to  the  tangent  of  an  arch. 

Lvn. 

In  all  drcleSj  the  9ine  of  90^,  the  tangent  of  45°,  and  the  chord  of  60C>,  arr. 
each  equcd  to  the  radha. 

For  in  the  circle  DFAEB,  let  the  arch  BE  be 
450,  the  arch  B A  60^,  and  BF  90^.  Draw  through 
the  centre  C  the  diameter  DCB  and  perpendicu- 
lar thereto  the  tangent  BG  meeting  CE  produced 
in  Q ;  draw  the  chord  BA,  and  join  CF,  CA. — 
Then  since  the  arch  BF  is  90°,  DF  must  be  90°,  -^. 
whence  (hy  art.  12  &l  19J  the  radius  CF  is  equal  ^\ 
to  the  sine  of  the  arch  BF,  or  sine  of  90^.  Again, 
in  the  triangle  CBG,  since  the  angle  CBG  is  90^, 
and  BCG  is  45^  by  supposition,  the  angle  CGB 
is  also  450  (by  art.  m)  therefore  (by  art,  39;  BG  is 
equal  to  CB,  that  is,  the  tangent  of  45^  is  equal  to  the  radius.  Again,  the 
angle  ACB  is  60^  (being  measured  by  the  arch  BA)  and  the  angle  CBA 
is  also  60^  (being  measured  by  half  the  arch  AD=l£0O  by  art.  40)  therefore 
(by  art.  39^  C  A=:AB,  that  is,  the  chord  of  60^  is  equal  to  the  radius. 

The  four  following  propositions  contain  the  demonstration  of  the  rules  by 
which  all  the  calculations  of  trigonometry  may  be  made ;  they  were  inserted 
here  in  order  to  prevent  any  (embarrassment  of  the  young  calculator,  from 
the  introduction  of  the  demonstrations  among  the  precepts  mr  calculation. 

Lvni. 

In  any  plane  triangle,  the  sides  are  proportional  to  the  sines  of  the  opposite 

angles. 
Let  ABC  be  tlie  triangle;  produce  the  P 

lesser  side  AB  to  F,  making  AF  equal  to  ]{ 

BC ;  from  B  and  F  let  fall  the  perpendicu- 
lars BD,  FE,  upon  AC  (produced  if  ne-         ^^        . .        .    ,  ^^^^^     ^ 
cessary;)  then  FE  is  the  sine  of  the  angle  \y^        \  \        ^    ?     ^**^^^C 
A,  and  BD  is  the  sine  of  the  angle  C,  the  J^     E 
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BC    equal  to 
AF;  now  dbe  triangles  ABD, 

the  angle  A 
to  both,  and  the 
D  eifual  to  the  angle  E 
(loQg  eoidi  eipial  to  a  right 
■l|^)are  amilar;  hence  (by 
erf.  M>  am  AF  (or  its  eqpal 
BC)  is  to  AB,  so'  is  FE  to 
BD;  that  is,  BC  is  to  AB  as 
the  flse  of  tlie  angle  A  is  to  CJ 
the  floe  of  the  angle  C. 


/a  mty  iriamgU  ftwmmng  any  side  tohetkt  boat,  and  calling  the  o^ker  iwo 
tke  tides)  tkt  mm  oftkt  siats  is  to  their  dijfiamee,  as  the  tan^nt  of  half  the 
s§1m  oagles  at  the  base  is  to  the  femgenl  of  half  the  difference  of  the  same 


Thus,  in  the  triangle  ABC,  if  we  call  AB 

the  base,  if  wiD  be  as  die  sum  of  AC  and 

CB  is  to  their  difference,  so  is  the  tangent 

of  hilf  the  sum  of  the  an^  ABC,  BAC,  to 

the  tangent  of  half  their  difference. 

Dan.  With  the  longest  leg  CB  as  radius, 
describe  a  circle  about  the  centre  C,«  meeting 
the  shorter  ride  AC  (produced  on  each 
side)  m  the  points  D  and  E,  join  EB,  DB ; 
dnw  AH  perpendicular  to  DB,  and  AF 
perpendicular  to  EB ;  then  (by  art.  4i)  the 
^a^  EBD,  being  in  a  semi-circle,  is  a  right 
aagle;  and  the  tiian^es  AHD,  AFE,  are 
ttnibr,  and  AF  is  equal  to  HB.  Moreover, 

sioce  CB  IS  equal  to  CD  or  CE,  AD  is  the  sum  and  A£  is  the  difference  of 

^  legs  AC,  CB ;  likewise  (by  art,  93)  the  angle  BCD  is  equal  to  the  sum  of 

the  angles  BAC,  ABC«  and  therefore  (by  art.  4o)  the  angle  DEB,  or  its 

CRoal  DAH,  n  equal  to  half  the  sum  of  the  angles  at  the  base  ABC,  BAC. 

Apia  fiy  art,  SSJ  the  angle  BAC  is  equal  to  the  sum  of  the  an^es  CEB  (or 

CBE)  and  ABE,  and  thmfore  is  equal  to  the  sum  of  the  angle  ABC,  and 

twice  the  angle  ABE ;  hence  the  angle  ABE  or  its  equal  BAH,  is  e^ual  to 

balf  the  difference  of  the  angles  at  the  base.    But  in  the  right  angled  triangles 

AHD,  AHB,  making  AH  radius,  the  legs  DH,  HB  arc  the  tangents  of  the 

^0|^  DAH,  BAH,  or  the  tangents  of  half  the  sum  and  half  the  difference  of 

^anclM  at  the  base ;  but  by  reason  of  the  similar  triangles  AHD,  AFE,  we 

we  AD  :  AE  :  :  DH  :  AForHB;  that  is,  AD,  the  sum  of  the  legs  ACand 

CK,  ii  to  AE  their  difference,  as  DH  the  tangent  of  half  the  sum  of  the  angles 

*t  the  base  (the  radius  being  AH)  is  to  HB  Sie  tangent  of  half  the  difference 

^  the  same  angles,  (to  the  same  radius,)  and  therefore  (by  art.  55^  as  the 

^^vhr  tangent  of  half  the  sum  of  the  angles  at  the  base  is  to  the  tabidar  tan« 

S^t  of  half  the  difference  of  the  same  angles. 

LX. 
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In  any  plane  trian^e  ABC*  if  the  line  CD  be  drawn  perpendicular  to  the 
base  A6,  dividing  it  into  two  segments,  AD,  DB,  and  the  base  AB  be  bisect* 
cd  in  the  point  H,  we  shall  have, 

As  Hut  heat  AB  is  to  the  sum  of  the  sides,  AC,  BC,  so  is  the  difftrtnet  of  the 
sides  to  twice  the  distance  DHof  the  perpendicular  from  the  jmddk  of  the  hose, 

Dtm,  With  the  greater  side  CB  as  radius,  describe  about  the  centre  C  the 
circle  BFOEf  meeting  the  other  side  produced  in  tlie  points  E  and  F,  and 
the  base  AB  produced  in  O ;  join  OF  and  BE.  TUbi  AE  is  the  sum,  and 
AF  the  difference  of  the  sides  AC,  CB ;  and  since  <^D  is  perpendicular  to 
6B,  the  line  6B  is  bisected  in  D  (by  art,  49)  and  as  AB  is  bisected  in  H,  ^e 
line  AG  is  equal  to  twice  DH.  Now  in  the  triangles  BAE,  6AF,  the  angles 
ABE,  6FA  are  equal  (63^  arf.  41^  and  the  angle  BAE  is  equal  to  6AF  (hy  art. 
StA)  therefore  the  remaining  angles  AEB,  A6F,  are  equal,  and  the  triangles 
BAE,  GAF,  ara  similar;  conBe(|uentIy  {hf  art*  54)  AB :  AE  : :  AF :  AG,  or 
twice  HD,  which  is  the  proposition  to  be  demonstrated.  Having  thus  ob- 
tained HD,  we  may  find  the  segments  AD,  DB,  by  addmg  HD  to  tiie  half 
base  HA  or  HB  and  by  taking  their  difference. 

LXI. 

In  any  plane  triangle,  the  square 
of  radius  is  to  the  square  of  the 
co-sine  of  half  of  either  of  the  an- 
gles, as  the  rtctangU  contained  hv 

the  two  sides  incltMing  that  mut^.  ^  "  -A ^r 

is  to  the  rectangle  contained  hy  ihe  A.       m  C  H^B 

Juilf  sum  of  tlu.  sides,  and  that  haff  sum  decreased  by  the  side  opposite  to  that 
angle. 

Thua  in  the  triangle  CBE,  the  square  of  radius  is  to  the  square  of  the  co-rfne 

CB+CE+BE    CB+CE— BE 
of  half  the  angle  C,   as  the  rectangle  CBXCE  is  to— — — X . 

For  continue   EC   to   A,  making   CA=CB,   draw    ED  peipendkuhr  to  CE,  bi- 
sect C£  in  H,  and  join  AB.    Then  (soppostog  CB  to  be  greater  than  EB)   we 

CBS— ■B£a 

hare  (by  art  eo)    CE  :  CB+BE  :   :   CB— BE  : =:S.HD ;   by  addii« 

CB 

CBS— BEs+CB> 

half  tbi»  to    half  the    base^CH,    we    hare   the     segment    CP= 

8.GE 

CB9— BE<  +CES  •:(->  CE-CB 

to    this     adding     CA      or      CB,     wc    have      AD= = 

2.CE 


CB+CEI*— BE«     CB+CE+BEXCB-f-CE— BE 

= —  Again,  AD=AC+CD=CB-hCD  ; 

8.CE  8.CE 

hence    AD|a=CBa+aCB-CD-hCD»  ;    also,    BDa=CB«— CD«  ;    hence    AB«  = 

ADa+BDa=-aCB«-haCB.CD=«CBxCB-|-CD=«CB  .  AD  ;  hence  AB*  :  ADa  :  ; 

CB+CE-f  BE    .  CB+CE->BE 

aCB  :  AD= ;  but  AB  being  radius,  AD  is  the  co-sine 

2.CE 
of  the  angle  A,  which  is  equal  to  half  the  angle  C  (bv  art  40  ;)  therefore  the  square 
of  radius  is  to  square  of  the  co-shie  of  half  the  angle  C,  as  the  rectangle  CE.CB  is 
CB+CE+BE    CB+CE— BE 

to  the  rectangle X 

2  2 

The  other  caJM*s  of  this  proposition  may  be  demonstrated  in  the  sanif 
manner. 


(17) 
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PROBLEM  I. 

A  draw  a  Bight  Lmt  CD  parallel  to  a  ghen  Jiiffht  Line  AB,  at  any  giviti 

distance^  asaithe  point  D. 

WiTB  a  pttir  •£  compasses  take  the  nearest  

^s«^MMN»  betweoD  the  pomt  D  and  the  given  /"^  O  ^\         ![     ] 
n^  be  hB\  widi  that  distance  set  one  foot  of  v^ 

Ike  Ttfwpt— **»  any  where  on  the  line  AB,  as  at  A, T ^^*^ 

and  draw  the  arch  C  on  the  same  side  of  the  line        -^  -tl 

AB  as  tibe  point  D,  from  the  point  D  draw  a  line 

SD  as  jort  to  tiNich  the  arch  C,  and  it  is  done ;  for  the  line  CD  i^ill  he  parallel 
tfi  the  fine  AB,  and  at  the  distance  of  the  point  given  D,  as  was  reciuired. 


PROBLEM  n. 

Tt  iueet  or  dhide  a  given  line  AB  into  tico 

equal  parts. 

Take  anj  distance  in  your  compasses  great-  A 

crtku  half  the  line  AB,  then  with  one  foot  in 
B,4ntrihe  th^arch  CFD;  with  the  same  dis- 
tince^iDd  one  foot  in  A,  descrihe  the  arch  CGD, 
vat&a%  the  former  arch  in  C  and  D ;  draw  the 
lioeCD,  and  it  will  bisect  AB  in  the  point  E. 

PROBLEM  nr. 

To  met  a  perpendietdar  pA  on  the  end  of  a  giren 

Right  Line  DB. 

Tike  any  extent  in  your  compasses,  and  with  one 
foot  in  B  Ax  the  other  m  anv  point  C  without  tlie 
t^^eo  ine;  then  with  one  pomt  of  the  compasses  in 
v^»4esciiffce  with  the  other  the  circle  ABD ;  through 
B  and  C  draw  the  diameter  DC  A  meeting  the  cir- 
^  in  A;  join  B  and  A  and  it  is  done ;  for  BA  will 
^  the  required  line  (by  art.  42.  Gtom, ) 

Or  thus 

Take  any  convenient  distance  as  BH  in  yonr 
^^^Qiptases,  and  with  one  foot  in  B  describe  the  arch 
HFG,  upon  which  set  off  the  same  distance  as  a 
'"^  from  H  to  F,  and  from  F  to  G,  upon  F  and 
^dacribe  two  aft^hes  intersecting  each  other  in  A : 
^w aline  from  B  to  A  and  it  is  done ;  for  BA  will 
^  tbe  perpendicular  required. 

PROBLEM  IV. 
'^  0  gtrffi  point  as  C,  to  let  fall  a  perpendicular 
CO,  on  a  given  Right  Line  AB. 

1^  any  extent  m  your  compasses  greater  than 
ihelnit  distance  between  C  and  the  given  line  AB ; 
jfithiMibot  in  C,  describe  an  arch  to  cut  the  given 
Ime  AB  ■  F  and  O; — with  one  foot  in  G  describe 
y^  vtk,  wsd  with  the  same  distance,  and  one  foot 
^  Pf  descrihe  another  arch  cutting  the  former  in  D ; 
^^^  C  to  D  draw  the  line  COD,  cutting  AB  in  O ; 
*^  CO  wUt  be  the perpendictdnr  required- 
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PROBLEM  V. 

Feom  a  given  point  C  to  let  fall  a  perpendicular 
CB  on  a  given  Line  AB,  token  the  perpendi- 
cular is  to  fall  so  near  the  end  of  the  givfn  line 
that  it  cannot  be  done  as  above. 
Upon  any  point  A  of  the  line  A6  as  a  centre,  ^ 
and  with  the  distance  AC  describe  an  arch  E ; 
choose  any  other  point  in  the  line  A6,  as  D,  and 
with  the  distance  DC  describe  another  arch  in- 
tersecting the  former  in  E,  join  CE  cutting  AB 
in  B,  and  it  is  done,  for  CB  will  be  tlie  perpen- 
dicular required. 

PROBLEM  VI. 
To  make  an  angle  that  shall  contain  any  ^oposed 

number  of  degrees,  from  a  given  point  in  a  given  line,  H 

Case  1.  When  the  given  angle  is  right,  or  contains 
90O  let  C  A  be  the  given  line,  and  C  the  given  point. 

On  C  erect  a  perpendicular  CD,  and  it  is  done ; 
for  the  angle  DC  A  is  an  ancle  of  00^.  Or  thus,  on 
the  point  C  as  a  centre,  wim  the  chord  of  CO^*  de- 
scribe an  arc^  GH,  and  set  off  thereon  from  6  to  H 
the  distance  of  the  chord  of  90^  and  from  C  through 
VL  draw  CHD,  which  will  form  the  angle  DCA  of  G 
90®  required* 

Case  2.  When  the  angle  is  acute,  as  for  exam- 
ple 86^  30'  let  CB  be  tlie  given  line  and  C  the  point 
at  which  the  angle  is  to  be  made. 

With  the  chord  of  60^  in  your  compasses,  and  one 
foot  on  C,  as  a  centre,  draw  tlie  arch  FB,  on  which 
set  off  from  B  to  F,  the  given  angle  36^^  taken  frofti 
the  line  of  chords;  through  F  and  the  centre  C  G 
draw  the  right  line  AC,  and  it  is  done ;  for  the  angle 
ACB  will  be  an  angle  of  36^  30'  as  was  required. 

Case  3.  When  the  given  angle  is  obtuse,  as  for  example  127^  W  let  CB 
be  the  given  line  and  C  the  angular  point. 

Take  the  chord  of  GO^  in  your  compasses,  and  with  one  foot  on  C  as  a  c^n^ 
tre,  describe  an  arch  BGHE,  upon  which  set  off 
the  chord  of  60°  (which  you  already  have  in  " 
your  compasses)  from  B  to  G,  and  from  G  to  H ; 
then  set  off  from  G  to  E,  the  excess  of  the  given 
angle  above  60^,  which  is  67|0  taken  from  the 
line  of  chords ;  or  you  may  set  off  from  H  to  E, 
the  excess  of  the  given  angle  above  ISO^,  which 
is  71^ ;  draw  the  line  CE,  and  it  is  done,  for  the 
.^gle  ECB  will  be  an  angle  of  19,1^  20'. 

Were  it  required  to  measure  a  given  angle,  the  process,  would  have  been 
nearly  the  same,  by  sweeping  an  arch  as  BE,  and  measurmg  it  on  the  line  of 
chords,  as  is  evident. 

PROBLEM  VII. 
jP©  bisect  a  given  arch  of  a  circle  AB,  whose  centre  is  C. 

Take  in  vour  compasses  any  extent  greater 
than  the  half  of  AB,  and  with  one  foot  in  A,  de- 
scribe an  arch ;  with  the  same  extent  and  one 
foot  in  B,  describe  another  arch  cutting  the  for- 
mer in  D ;  join  CD  and  it  is  done,  for  this  line 
will  bisect  the  arch  AB  in  the  point  E.  It  is 
also  evident  that  the  line  CD  bisects  the  angle  ,C 
BC  A,  or  divides  it  into  two  equal  parts. 

'  Form  deKTipCloD  of  Um  Uot  of  Ghonts  lee  psfe  Vffh 
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PROBLEM  VIII. 
njU  Ae  caUn  of  a  given  Circle. 
*WiA  any  radius^  and  one  foot  in  the  cir- 
ufeicuM.  as  at  A,  describe  an  arch  of  a  cir- 
,  as  CBDv  cnttins  the  given  circle  in  B ;  with 
nme  extent,  and  one  foot  in  B,  describe 
another  arch  CAD,  cutting  the  former  in  C  and 
D;  through  C  and  D  draw  the  line  CD,  which 
wffl  pass  through  the  centre  of  the  circle ;  in 
like  minner  may  another  right  line  be  drawn, 
as  EFG,  which  shaU  cross  the  first  right  line 
at  ^  centre  required.  This  constmction  de- 
iqioo  article  4S  of  Ckometry. 


PROBLEM  IX.  

To  draw  a  Circle  tknmgh  any  three  giten  points  not  situated  in  a  Right  Line. 

Let  A,  B  and  D  be  the  given  points.  Take  in 
^our  compasses  any  distance  greater  than  half 
AB«  and  with  one  foot  in  A  describe  an  arch 
£F;  with  the  same  extent,  and  one  foot  in  B, 
describe  another  arch  cutting  the  former  in  the 
points  E,  F,  through  which  draw  the  indefinite 


riglit  fine  EFC ;  dien  take  in  your  compasses 
any  ezteot  greater  than  half  BD,  and  with  one 
foot  in  B,  describe  an  arch  GH ;  with  the  same 
extent,  and  one  foot  in  D,  describe  another 
arch  cutting  the  former  in  the  points  G,  H, 
ttmof^  which  draw  the  right  line  GHC,  cut- 
ting the  former  ri^tline  EFC,  in  the  point  C ; 
upon  the  point  C  as  a  centre,  with  an  extent 
equal  to  CA,  CB,  or  CD,  as  radius,  describe 
die  aon^t  circle. ' 

PROBLEM  X. 
Todhidea  Circle  into  S,  4,   8,  16,  or  32, 

equal  parts. 
Draw  a  <Iiameter  through  the  centre,  di- 
Tidiur  the  ciirle  into  two  eoual  parts ;  bisect 
thnmameter  by  ^pother  drawn  per^>cndi- 
coiar  thereto,  and  the  drcle  will  be  divided 
into  four  equal  parts  or  quadrants;  bisect  X'. 
each  of  these  quadrants  again  by  right  lines' 
dfsm  through  the  centre,  and  the  circle  ^,^' 
wil  be  divided  into  eight  eoual  parts ;  and   / 
so  you  may  continue  the  bisections  any 
aunber  of  times.    This  problem  is  useful 
ib  coDstructing  the  mariner's  compass. 

•    PROBLEM  XI. 

Todimde  a  giten  Lint  into  any  nwnlcr  of  equal  partt. 
Let  it  be  required  to  divide  the  line  AB 

Wo  five  equal  parts.*— From  the  point  A 

dnw  aay  fine  AD,  making  an  single  i^ith  tlie 

fiae  AB;  then  through  the  point  B  draw  a 

fine  BC  pwaBd  to  AD ;  and  from  A,  with- 

any  mmSL  opeoiDg  m  your  compasses,  set  off 

a  naflftcr  or  equal  parts  on  the  line  AD,  less 

hfj  amt  Ihui  toe  proposed  number  (which  C^ 

Bunber  if  equal  parts  in  this  example  is  4 :)  4 

tlieo  irom  B  aet  cm  the  same  number  of  the 

lafM  parfa  on  the  line  BC,  then  join  4  and  1,3  and  2,  2  and  3, 1  and  4,  w\& 

timf  fines  wfll  tot  thegiren  line  as  required. 
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COIXSTRUCTION  OF  THE  PLANE  SCALE, 

1st.  WITH  til 0  radius  you  intend  for  your  scale,  describe  a  semicircle 
ADB,  (Plate  II.  fip.  1.)  and  from  the  centre  C  draw  CD  perpen^cular 
to  AB,  wliich  will  divide  tlie  semicircle  into  two  quadrants,  AD,  BD ;  con- 
tinue CD  towards  S,  draw  BT  perpendicular  to  CB,  and  join  BD  and  AD. 

£dly.  Divide  the  (fuadraiit  BD  into  9  equal  parts,  then  will  each  of  these  be 
10  de^ees;  subdivide  eacli  of  these  parts  into  single  degrees,  and  if  your 
radius  will  admit  of  it,  into  minutes  or  some  aliquot  parts  of  a  degree  greater 
than  minutes. 

Sdly.  Set  one  foot  of  the  comp.isses  in  B  and  transfer  each  of  the  divisions 
of  the  quadrant  BD  to  the  right  line  BD,  tlien  will  BD  be  a  line  of  chords. 

4thly.  From  the  points  10,  W,  30,  &,c.  in  the  quadrant  BD  draw  right  lines 
parallel  to  CD,  to  cut  the  radius  CB,  and  they  will  divide  that  line  into  aline 
of  sines  which  must  be  numbered  from  C  towards  B. 

5thly.  If  the  same  line  of  sines  be  numbered  from  B  towards  C,  it  will  be- 
come a  line  of  versed  sines,  which  may  be  continued  to  180^,  if  the  same 
divisions  be  transferred  on  the  same  line  on  the  other  side  of  tlie  centre  C. 

6thly.  Prom  the  centre  C,  through  the  several  divisions  of  the  quadrant 
IBD,  draw  right  lines  till  they  cut  the  tangent  BT,  so  will  the  line  BT  become 
^  line  of  tangents. 

7thly.  Setting  one  foot  of  the  compasses  in  C,  extend  the  other  to  tlie  se- 
^  eral  divisions  10,  SO,  30,  &lc.  in  the  tangent  line  BT,  and  transfer  these  ex- 
tents severally  to  the  right  line  CS,  then  will  that  line  be  a  line  of  secants. 

Gthly.  Ri;;ht  lines  dnnwn  from  A  to  the  several  divisions  10, 20,  30,  &,c.  in 
the  quadrant  BD,  will  divide,  the  radius  CD  into  a  line  of  semi-tangents. 

9tfaly.  Divide  tlie  quadrant  AD  into  eight  equal  parts,  and  from  A  as  a  cen- 
tre transfer  these  divisions  severally  into  the  line  AD,  then  will  AD  be  a  line 
of  Rhumbs,  each  division  answering  to  11^  15'  upon  the  line  of  chords.  The 
use  of  this  line  is  for  protracting  and  measuring  angles,  according  to  the  com- 
mon division  of  the  mariner's  compass.  If  the  radius  AC  be  divided  into  100 
or  1000,  &LC.  equal  parts,  and  the  lengths  of  the  several  sines,  tangents,  and 
secants,  corresponding  to  the  several  arches  of  the  quadrant,  be  measured 
thereby,  and  these  numbers  be  set  down  in  a  table,*  each  in  its  proper  co- 
lumn, you  will  by  these  means  have  a  collection  of  numbers  by  wmch  the 
several  cases  in  trigonometry  may  be  solved.  Right  lines  graduated  as  above, 
l>eing  placed  severally  upon  a  ruler,  form  the  instrument  called  the  Plane 
Scale,  (see  Plate  II.  Ag.  2.)  by  which  tlic  lines  and  angles  of  all  triangles  may 
be  measured.  All  right  lines,  as  the  sides  of  plain  triangles,  &lc.  when  they  arc 
considered  simply  as  such  without  having  any  relation  to  a  circle,  are  mea- 
sured by  scales  of  equal  parts,  one  of  which  is  subdivided  equally  into  10,  and 
this  serves  as  a  common  division  to  all  the  rest.  In  most  scales  an  inch  is  ta- 
ken for  a  common  measure,  and  what  an  inch  is  divided  into  is  generally  set 
at  the  end  of  the  scale.  By  any  common  scale  of  equal  parts,  divided  in  this 
manner,  any  number  less  than  100  may  be  readily  teken ;  but  if  the  number 
should  consist  of  three  places  of  figures,  the  value  of  the  third  figure  cannot 
be  exactly  ascertained,  and  in  this  case  it  is  better  to  use  a  diagoruJ  scale,  by 
which  any  number  consisting  of  three  places  of  figures,  may  be  exactly  found. 
The  figure  of  this  scale  is  given  in  Plate  II.  fig.  3 :  its  construction  is  as  follows. 

Having  prepared  a  ruler  of  convenient  breadth  for  your  scaJe,  draw  near 
the  ed^  thereof  two  right  lines,  q/*,  eg,  parallel  to  each  other ;  divide  one  of 
these  lines  as  o/,  into  equal  parts,  according  to  the  suk  of  your  scale  ;t  and 

*  In  table  XXIV.  Is  given  the  line  and  co-doe  toevery  minute  of  the  quadrant^  to  i&ve  placn  off  dt» 
cimalfl. 

t  The  lenffth  of  one  of  these  equal  parts  at  the  ewl  of  the  scale  to  which  thb  dcacrlptlon  rrfert  to  eft 
OK  rth    The  wogth  of  one  uf  the  equal  paits  of  the  scale  of  tlie  other  end  beiof  the  hajf  of  mh.    . 
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?iiroii|ch  earh  of  these  divisions  draw  right  lines  perpendicular  to  oT,  to  meet 
rf^^  then  divide  the  breadth  into  10  equal  parts,  and  through  eacn  of  these 
divisions  draw  right  lines  parallel  to  a/  and  eg ;  divide  the  lines  aft,  cd^  into 
10  equal  parts,  and  from  the  point  a  to  the  first  division  in  the  line  ci,  dnw  a 
diaj^onaJ  line;  tlien  parallel  to  that  line,  draw  diagonal  lines  throu|^  all  the 
othf'r  divisions,  and  the  scale  is  complete.    'Rien,  if  any  number,  consisting 
of  three  places  of  figures,  as  256,  be  required  from  the  larger  scale  gd^  you 
must  place  one  foot  of  the  compasses  on  the  figure  2  on  the  line  gd,  then  the 
extent  from  2  to  the  point  d  will  represent  200.    The  second  figure  being  5, 
count  Bxe  of  the  smaller  divisions  from  d  towards  e,  and  the  extent  from  S 
to  that  point  will  be  >250.    Move  both  points  of  the  compasses  downwards 
tiU  they  are  on  the  sixth  parallel  line  below  ^,  and  open  them  a  little  till  the 
one  point  rests  on  the  vertical  line  drawn  urough  2,  and  the  other  on  the 
diagonal  line  drawn  through  5 ;  the  extent  then  in  the  compasses  will  repre- 
sent 256.  In  the  same  way  tlie  quantities  25,6 ;  2,56 ;  0,256,  be.  are  measured. 
Besides  the  lines  already  mentioned,  there  is  another  on  the  Plane  Scale 
marked  >IL,  which  is  joined  to  a  line  of  chords,  and  shows  how  manv  miles 
of  easting  or  westing  correspond  to  a  degree  of  longitude  in  every  latitude.* 
These  several  lines  are  generally  put  on  one  side  of  a  ruler,  two  feet  long ; 
and  on  the  other  side  is  laid  down  a  scale  of  the  logarithms  of  the  sines,  tan^ 
gpiits,  and  numbers,  which  is  commonly  called  Gunter's  Scale,  and  as  it  is  of 
gv^Reral  use.  it  requires  a  particular  description. 


GUNTER'S  SCALE. 

i)N  GUNTER'S  SCALE  are  eight  lines,  viz. 

1st.  Sine  Rhumbs,  marked  (SR)  corresponding  to  the  logarithinsf  of  thv 
natural  sines  of  ever}'  point  of  the  mariner's  compass,  numbered  from  the  left 
band  towards  the  right,  with  1,  ^,  5,  4,  5,  6,  7,  to  8,  where  is  a  brass  pin. 
Thi!«  line  is  also  divided,  where  it  can  be  done,  into  halves  and  quarters. 

-Zd.  Tangent  rhumbs,  marked  (TR)  correspond  to  the  logarithms  of  the 
tangents  of  every  point  of  the  compass,  and  are  numbered  1,  £,  3,  to  4,  at  the 
rislit  hand  where  there  is  a  pin,  and  thence  towards  the  left  hand  with  5,  6, 
7 :  it  »  silso  dividc-d,  where  it  can  be  done,  into  halves  and  quarters. 

Sd.     The  line  of  numbers,  marked  (Num.)  corresponds  to  the  logarithms  of 

Lumbers,  and  is  marked  thus :  near  the  left  hand  it  begins  at  1,  and  towards 

tbe  right  hand  are  2,  S,  4,  5,  6.  7,  8,  9 ;  and  1  in  the  middle,  at  which  is  a 

brass  pin.  then  £.  d.  4.  5,  G,  7,  8,  9,  and  10  at  the  end,  where  there  is  another 

pin.    The  value?  of  these  numbers  and  their  intermediate  divisions  depend 

on  the  estimated  values  of  tlie  extreme  niunbers  1  and  10 ;  and  as  this  line 

IS  of  great  impurtance,  a  particular  description  of  it  will  be  given.     The  first 

1  may  be  counted  for  1,  10,  100.  or  1000,  &cc.  and  then  the  next  2,  will  be  2, 

20.  iOO,  or  2000,  kc.  respectively.   Again,  the  first  1  may  be  reckoned  1  tenth, 

I  hundredth,  or  1  thousandth  part,  &lc.  then  the  next  will  be  2  tenths,  or  2 

bundredths,  or  2  thousandths  parts,  &cr.  so  that  if  the  first  1  be  esteemed  1, 

the  middle  I  will  be  10  ;  2  to  its  right  20 ;  3.  30 ;  4,  40  ;  and  10  at  the  end 

100 :  again,  if  the  first  1  is  10,  the  next  2  is  20,  3  is  30,  and  so  on,  making  the 

aiddle  1.  100,  the  next  2  is  200,  3  is  300,  4  is  400,  and  10  at  the  end  is  1000. 

lo  like  manner,  if  the  first  1  be  esteemed  1  tenth  part,  the  next  2  will  be  2 

*  As  it  would  confuse  the  adjoined  figure  to  describe  on  it  the  line  of  longitudes, 
't  ■  Bci^cled,  but  the  construction  is  as  follows :  divide  tbe  line  CB  into  60  equal 
l*^'^  CdT  it  can  be  done)  and  through  each  point  draw  lines  parallel  to  CD  to  inter- 
*^  the  wch  BD :  about  B,  as  a  centre,  transfer  the  several  points  of  intersection  to 
the  line  BD,  and  then  number  it  from  D,  towards  B,  from  0  to  60,  and  it  will  be  the 
lioe  of  kaBtudea. 

,  I  The  deacription  and  use  of  logarithms  are  given  in  page  29,  ct  seq.    The  Vo^- 
«Dei,  tangents,  Ice.  are  marked  on  these  scaka  by  means  of  a  li^ie  of  c(\ita\  p^!i, 
'"nt^pondinjc  to  the  tize  of  the  smie. 
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tenth  parts,  and  the  middle  1  vfUl  be  1  ;  the  next  2.  2  ;  and  10  at  the  end  ^yi\\ 
tc  10.  Af^ain,  if  the  first  1  be  counted  1  hundredth  ])art,  the  next  S  hundredtli 
parts,  the  middle  1  ivill  be  10  himdredth  parts,  or  one  tenth  part,  and  the  next 
2  two  tenth  parts,  and  10  at  the  end  will  be  but  one  whole  number  or  integer. 

As  the  figures  are  increased  or  diminished  in  their  value,  so  in  like  manner 
must  all  the  intermediate  strokes  or  subdivisions  1>p  increased  or  diminished : 
that  is,  if  the  first  1  at  the  left  hand  l>e  counted  1,  then  S,  (next  following  it)  will 
be  2,  and  each  subdivision  between  them  will  he  1  tenth  part,  and  so  all  the 
way  to  the  middle  1,  which  will  be  10,  the  next  £,  <20,  and  the  longer  strokes 
between  1  and  2  are  to  be  counted  from  1  thus,  11,  12,  (where  is  a  brass 

?in)  then  13,  14,  15,  sometimes  a  longer  stroke  than  the  rest,  then  16,  17, 
8,  19,  20,  at  the  figure  2 ;  and  in  the  same  mtanner  the  short  strokes  bo- 
tween  the  figures  2  and  3,  3  and  4,  4  and  5,  kc.  are  to  be  reckoned  as  units. 
Apain,  if  1  at  the  left  hand  be  10,  the  figures  between  it  and  the  middle  1 
will  be  common  tens ;  and  the  subdivisions  between  each  figure  will  be  units ; 
from  th^  middle  1  to  10  at  the  end,  each  figure  will  be  so  many  hundreds  ; 
and  between  these  figures  each  longer  division  will  be  10.  From  this  de^ 
scription  it  will  be  easy  to  find  the  (Uvisions  reprcsejiting  any  given  number, 
thus :  Suppose  the  point  representing  the  number  12,  were  required  ;  take, 
the  division  at  the  figure  1  in  the  middle,  for  the  first  figure  of  12  ;  then  for 
the  second  figure  count  two  tenths,  or  longer  strokes  t(»  the  right  hand,  and 
Ihis  will  be  the  point  representing  12,  where  the  brass  pin  is. 

Again,  suppose  the  number  22  were  requin^d ;  the  first  figure  2  is  to  be 
found  on  the  scale,  and  for  the  second  figure  2,  coimt  2  tenths  onwards,  and 
that  is  the  point  representing  22. 

Again,  suppose  1728  were  required  ;  for  the  first  figure  1,  I  tike  the  mid- 
dle 1,  for  the  second  figure  7,  count  onwards  as  before,  and  that  will  be  1700. 
And  as  the  remaining  figures  are  28  or  nearly  30,  I  noti'!  the  point  which  is . 
nearly  ,%,  of  the  distance  between  the  marks  7  and  8,  and  this  will  be  the 
point  representing  1728. 

If  the  point  representing  435  was  n^quired ;  from  tln^  4  in  the  second  in* 
ten'al  count  towards  5  on  the  right,  three  of  the  larger  divisions  and  one  of 
the  smaller  (this  smaller  division  being  midway  between  tlic  marks  3  and  4) 
and  that  will  be  the  division  expressing  435.  In  a  simihir  manner  other 
numbers  may  be  found. 

AH  fractions  found  in  this  line  must  be  decimals;  and  if  they  are  not,  tiiey 
must  be  reduced  into  decimals,  which  is  easily  done  by  extending  the  com- 
passes from  the  denominator  to  the  numerator;  that  extent  laid  the  samt^ 
way,  from  1  in  the  middle  or  right  hand,  will  reach  to  thf  deciin:il  requireil. 

Example.  Required  the  decimal  fraction  equal  to  H  :  Extend  from  4  to 
3;  that  extent  will  reach  from  1  on  the  middle  to  ,70  towards  the  left  hand. 
The  like  may  be  obser>'ed  of  aiij'  other  vulgar  fraction. 

Multiplication  is  performed  on  this  line,  by  extending  from  1  to  the  multi- 
plier: that  extent  will  reach  from  the  multiplicand  to  the  product. 

Suppose,  for  example,  it  were  required  to  find  the  product  (jf  16  multiplied 
by  4,  extend  from  1  to  4;  that  extent  will  reach  from  10  to  04,  the  product 
required. 

Division  behig  the  reverse  of  multiplication,  therefore  (>xtend  from  the  di- 
visor to  unity ;  that  extent  will  reacli  from  the  dividend  to  the  quotient. 

Suppose  64  to  be  divided  by  4  ;  extend  from  4  to  1,  that  extent  will  reach 
from  64  to  16,  the  quotient. 

Questions  in  the  Rule  of  Three  are  stilved  by  this  line  as  f«»llows  :  Extend 
iVom  the  first  term  to  the  second,  that  extent  will  reach  from  the  third  term* 
to  the  fourth.  And  it  ought  to  be  particularly  noti.'d,  that  if  you  extend  to 
the  left,  from  the  first  number  to  the  second,  you  must  also  extend  to  the  left, 
from  the  third  number  to  the  fourth ;  and  the  contrary. 


—         T 


*  Or  you  may  extend  from  the  fint  to  the  third,  for  that  extent  ivill  reach  from  the 
Mcond  to  the  fourth.     This  method  must  be  adopted  when  using  the  lines  of  sinc?^ 
^sngeatg,  &c,  if  the  Arst  and  tliinl  trrms  arc  of  tUe  f^mv  name,  and  different  from  the 
.aecond  ami  iaurfti. 
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Hx  AMPLE.  If  the  diameter  of  a  circle  be  7  inclies,  and  the  circumference  fS', 
>R^hatis  the  circumference  of  another  circle,  the  diameter  of  which  is  14  inch- 
e%$  ?  Extend  from  7  to  £3,  that  extent  will  reach  from  14  to  44  the  same  way. 

The  superficial  content  of  any  parallelogram  is  found  by  extending  from  1  to 
the  breadth;  that  extent  will  reach  from  the  length  to  the  superficial  content. 

Example.  Suppose  a  plank  or  board,  15  inches  broad  and  27  feet  long, 
the  content  of  whicti  is  required  :  Extend  from  1  to  1  foot  3  inches  (or  1,£5 ;) 
that  extent  will  reach  from  27  feet  to  33,75  feet,  the  superficial  content.  Or 
extend  from  12  inches  to  15,  Uc. 

The  solid  content  of  any  bale,  box,  chest,  &lc,  is  found  by  extending  fW>m 
1  to  the  breadth :  that  extent  will  reach  from  the  depth  to  a  fourth  number, 
and  Che  extent  from  1  to  that  fourth  number  will  reach  from  the  length  to  the 
solid  content. 

Example  1st.  What  is  the  content  of  a  square  pillar,  whose  length  is  21 
feet  9  mches,  and  breadth  1  foot  3  inches  ?  The  extent  from  1  to  1,25  will 
reach  from  1.25  to  1,56,  the  content  of  one  foot  in  length ;  again,  the  extent 
from  I  to  1,5B  will  reach  from  the  length  21,75  to  33,9,  or  34,  the  solid  content 
in  feet.  ^ 

Example  2d.  Suppose  a  square  piece  of  timber,  1,25  feet  broad,  ,56  deep« 
and  36  long,  be  given  to  find  the  content :  extend  from  1  to  1,25 ;  that  ex- 
tent will  reach  from  ,56  to  ,7 :  then  extend  from  1  to  ,7 ;  that  extent  will 
reach  from  36  to  25,2  the  solid  content.  In  like  manner  may  the  contents 
of  hales,  Sec.  be  found,  which  divided  by  40  will  give  the  tonnage. 

4thly.  The  line  of  sines  marked  (Sin.)  corresponding  to  the  log-sines  of 
the  degrees  of  the  quadrant,  begins  at  the  left  hand,  and  is  numbered  to  the 

St  thus :  1,  2,  3,  4,  5,  &cc.  to  10 ;  then  20,  30, 40,  &lc.  ending  at  90  degrees, 
re  is  a  brass  centre  pin,  as  there  is  at  the  right  end  of  all  the  lines. 
5th)y.  The  line  of  versed  sint*s,  marked  (V.  S.)  corresponding  to  the  log 
versed  sines  of  the  degrees  of  the  quadrant,  begins  at  the  right  hand  against 
9(P  on  the  sines,  and  from  thence  is  numbered  towards  the  left  hand  thu? : 
10.  20,  30,  40,  kc.  ending  at  the  left  hand  at  about  169^ ;  each  of  the  subdi- 
visions, from  10  to  30,  is  in  general  two  degrees,  from  thence  to  90  is  single 
degrees,  from  thence  to  the  end,  each  degree  is  divided  into  1 5  minutes. 

6thly.  The  line  of  tangents,  marked  (Tang.)  corresponding  to  the  log- 
tangents  of  the  degrees  of  the  quadrant,  begins  at  the  left  hand,  and  is  num- 
bered towstrds  the  right  thus :  1,  2,  3,  kc.  to  10,  and  so  on  20,  30,  40,  and 
45.  where  is  a  brass  pin  under  90'^  on  the  sines ;  from  thence  it  is  numbered 
backwards,  50,  60,  70,  80,  kc.  to  89,  ending  at  the  left  hand  where  it  began 
at  1  degree.  The  subdivisions  are  nearly  similar  to  those  of  the  sines.  When 
you  have  any  extent  in  your  compasses,  to  be  set  off  from  any  number  less 
thin  45^  on  the  line  of  tangents,  towards  the  right,  and  it  is  found  to  reach 
beyond  the  mark  of  45^,  you  must  see  how  far  it  extends  beyond  that  mark, 
and  set  it  off  from  45^  towards  the  left,  and  see  what  degree  it  falls  upon, 
which  will  be  the  number  sought,  which  must  exceed  45^ ;  if,  on  the  con- 
trary, you  are  to  set  off  such  a  distance  to  thQ  right  from  a  number  greater 
llian  45^^,  you  must  proceed  as  before,  only  remembering,  tliat  the  answer 
imi«t  he  less  than  40'^,  ;ind  you  must  always  consider  the  ieprees  above  45^ 
a*  if  they  were  markedi  on  the  continuation  of  the  line  to  the  right  hand  of  45^. 
7thly.  The  line  of  the  meridional  parts,  marked  (Mer.)  begins  at  the  right 
hand,  and  is  numbered  thus ;  10,  20,  30,  kc.  to  the  left  hand,  where  it  ends  at 
27  degrees.  This  line,  with  the  line  of  equal  parts,  marked  (E.  P.)  under  it, 
are  used  together,  and  only  in  Mercalor's  Sailing.  The  upper  line  contains 
the  degrees  of  the  meridian,  or  latitude  in  a  Mercator^s  chart,  corresponding 
toth«  degrees  of  longitude  on  the  lower  line. 

The  use  of  this  Scale  in  solving  the  usual  problems  of  Trij;onometrj',  Planft 
Sailing,  ^fiddle  Latitude  Sailing,  and  Mercator\s  Sailing,  will  be  given  in  the 
course  of  this  work ;  but  it  will  be  unnecessary  to  enter  into  an  explanation 
^4*  its  use  in  calculating  tlie  common  problems  of  Nautical  Astronomy,  as  it 
K  much  more  accurate  to  perform  those  calculations  by  logarithms. 
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ON  THE  SLIDING  RULE. 

TH£  Sliding  Rule  cansists  of  a  fxtdpart  and  a  slider^  and  is  of  the  same 
dimensions,  and  has  the  same  lines  marked  on  it  as  on  a  common  Gunter  or 
Plane  Scale,  which  may  be  used  with  a  pair  of  compasses  in  the  same  manner 
as  those  scales ;  and  as  a  description  of  those  lines  has  already  been  giren, 
it  will  be  unnecessary  to  repeat  it  here,  it  being  sufficient  to  observe,  that 
there  are  two  lines  of  numbers,  a  line  of  log-sines  and  a  line  of  log-tangents 
CD  the  slider,  and  that  it  may  be  shifted  so  as  to  fix  any  face  of  it  on  either 
side  of  the  fixed  part  of  the  scale,  according  to  the  nature  of  the  question 
to  be  solved. 

In  solving  any  problem  in  Arithmetic,  Trigonometry,  Plane  Sailing,  Sec. 
let  the  proposition  be  so  stated  that  the  first  and  third  terms  may  be  alike,  and 
of  course  the  second  and  fourth  terms  alike ;  then  bring  pyc  fint  term  oflhe 
anaiogy  on  tht  find  part,  against  the  aeeond  term  on  the  slider,  and  against  the 
third  term  on  me  fixed  wtrt  wiU  hefinmd  thefimrth  term  on  the  sliSer  ;*  or  if 
necessary  the  first  and  tnird  terms  may  be  found  on  the  slider,  and  the  second 
and  fourth  on  the  fixed  part.  Multiplication  and  Division  are  performed 
by  this  rule,  in  considering  unity  as  one  of  &e  terms  of  the  analogy. 

Tlius,  to  peiform  multiplication,  set  1  on  the  line  of  numbers  of  the  fixed 
part  against  one  of  the  factors  on  the  line  of  numbers  of  the  slider,  then 
a^nst  the  other  factor  on  the  fixed  part  will  be  found  the  product  on  the 
slider. 

Example.  To  find  the  product  of  4  by  12  draw  out  the  slider  till  1  on 
the  fixed  part  coincides  with  4  on  the  slider,  then  opposite  12  on  the  fixed 
part  will  be  found  48  on  the  slider. 

To  perform  Divbion,  set  the  divisor  on  the  line  of  numbers  of  the  fixed 
part  against  1  on  the  slider,  then  against  the  dividend,  on  the  fixed  part,  will 
be  found  the  quotient  on  the  slider. 

Example*  To  divide  48  by  4 — set  4  on  the  fixed  part  against  1  on  the 
slider,  then  against  48  on  the  fixed  part  will  be  found  12  on  the  slider. 

EXAMPLES  IN  THE  RULE  OF  THREE. 

If  a  ship  sail  25  miles  in  4  hours,  how  many  miles  will  she  sail  in  12  houri 
at  the  same  rate  ! 

Bring  4  on  the  line  of  numbers  of  the  fixed  part  against  25  on  the  line  of 
nmnbers  of  the  slider,  then  against  12  on  the  fixed  part  will  be  found  75  on  the 
slider,  which  is  the  answer  required. 

Example.    If  S  pounds  of  sugar  cost  21  cents,  what  will  t7  pounds  coat  ? 

Bring  9  on  the  line  of  numbers  of  the  fixed  part,  against  21  on  the  line  of 
numbers  of  the  slider,  then  against  27  on  the  fixed  part,  will  be  found  180  on 
the  slider. 

EXAMPLE  IN  TRIGONOMETRY, 

In  the  oblique-angled  triangle  ABC,  let  there  be 
given  AB=56,  AC=64,  angle  ABC=460  so^  to  find 
9ie  other  angles  and  the  side  BC 


In  this  case  we  have  (hyart,  58  Geometry)  the  following  canons.- 

AC  (64) :  sine  <  B  (46^  30')  : :  AB  (56) :  sine  <  C,  and  sine  <  B:  AC  :: 

sine  <  A :  BC.    Therefore,  to  work  the  first  proposition  by  the  sliding  rule« 

*  If  the  first  and  lecond  terms  are  alike,  instead  of  the  first  and  third,  you  must 

bri|ig  the  first  term  on  the  slider  against  the  third  on  the  fixed  part,  and  against  the 

second  teim  oa  the  slider,  will  be  found  the  fourth  term  on  the  fixed  part.    Or,  if  neces* 

Miy,  the  first  and  second  terms  may  be  found  on  the  fixed  part,  and  the  third  and 

%rtfr  on  tbe  slider. 
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we  must  brioi;  64  on  the  line  of  numbers  of  the  fixed  part,  against  46^  Siff  on 
the  fine  of  sines  of  the  slider,  then  against  56  on  the  former  will  be  39^  £^ 
OB  the  fatter,  which  will  be  the  angle  C.    The  sum  of  the  angles  B  and  C 
beii^  SBbtracted  from  180^  leaves  the  angle  A=940  6'.     Then,  bjr  the  se- 
cond amon,  bring  the  angle  8=46^  SO'  on  the  line  of  sines  of  the  slider 
apinst  AC  ^64  on  the  line  of  numbers  of  the  fixed  part,  then  agunst  the 
angle  Il^=949  6'  (or  its  supplement  85^  5  V)  on  the  slider  will  be  found  the 
mSt  BC=S8  on  the  fixed  part. 
In  m  onSar  manner  may  the  other  propositions  in  trigonometry  b6  solved* 
From  what  has  been  said,  it  will  be  easy  to  work  all  the  problems  in  Planc^ 
Middle  Latitude,  and  Mercator's  Sailing,  as  in  the  three  folio wmg  examples, 
which  the  learner  may  pass  over  until   he  can  solve  the  same  problems  by 
tfaeSode.    If  any  one  wishes  to  know  the  use  of  the  sliding  rule  in  problems 
of  Spiittical  Trigonometry,  he  may  consult  the  treatises  written  expressly  on 
thit  suigect :  but  it  may  be  obser^-ed,  that  in  such  calculations  toe  sliding 
vde  isnther  an  object  of  curiosity  than  of  real  use,  as  it  is  much  more  accu- 
rate  to  make  use  of  logarithms. 

Example  1.    Given  the  course  sailed  1  point,  and  the  distance  85  miles— 
required  the  difference  of  Latitude  and  Departure  ? 
By  Case  1st  of  Plane  Sailing,  we  have  these  canons : 
Radios  (8  points) :  Distance  (85) ::  Sine.  Co.  Course  (7  points) :  Diff.  Lat; 
andBa£as  (8  points) :  Distance  (85) ::  Sine  Course  (1  point) :  Departure. 

Hence  We  must  bring  the  radius  8  points  on  the  fixed  part  of  the  Sine 
Bhnmhs  against  85  on  the  line  of  numbers  on  the  slider,  then  against  7  pointb 
OD  the  sue  rhumbs  will  be  found  the  diff.  of  lat.  83^  on  the  slider,  and  agaii&t 
one  point  will  be  found  the  departure  16.^  miles. 
If  the  course  is  given  in  demes,  you  must  use  the  line  marked  iSitii. 
ExAMFic  t.     Given  the  din.  of  lat.  40  miles,  and  departure  30  milea-ffe- 
qiured  the  course  and  distance  ? 
Bt  ease  6,  of  Plane  Sailing,  we  have  this  canon  for  the  course  :— 
DoT.  Lat.  (40) :  Ra^us  45^ ::  Departure  (30) :  Tang.  Course. 
Hence  we  must  bring  40  on  the  line  of  numbers  of  me  slider  against  45^  on 
the  fine  of  tangents  on  the  fixed  part,  then  against  30  on  the  slider  wiBhe 
found  the  course  97^  neariy. 
Again,  the  canon  for  the  distance  gives : 

Sine  Course  (37^) :  Departure  (30) ::  Radius  (90^) :  Distance. 
Hence  we  must  bring  37^  on  the  line  of  sines  of  the  fixed  part  against  80 
«Q  the  fine  of  numbers  on  the  slider,  then  against  90^  on  the  line  of  sines  Qf 
the  ^ed  part  will  be  found  the  distance  50  on  the  slider. 

Example  3.    Given  the  Middle  Lat.  40^  and  the  departure  30  miles— ^jCr 
spared  the  DilT.  of  Long.  ? 
By  case  6^  nf  Middle  Latitude  Sailing,  we  have  this  canon  : — 
Sme  Compu-Mid.  Lat.  (50^) :  Departure  (30) ::  Radius  (90^):  Difi*.  Long. 
Hence  by  bringing  50^  on  the  line  of  sines  of  the  fixed  part  against  30  oa 
the  Gne  of  numbers  on  the  slider,  then  ajpinst  90^  on  the  fixed  part,  we  shstfl 
Had  39  on  the  slider,  which  will  !>e  the  difference  of  longitude  r<^uired. 
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DESCRIPTION  AND  USE  OF  THE  SECTOR. 

THIS  instrument  consists  of  two  rules  or  legs,  moveable  round  an  axis  or 
Joint,  as  a  centre,  having  several  scales  drawn  on  the  faces,  some  singlet 
others  double ;  the  single  scales  are  like  those  upon  a  common  Gunter*s 
Scale ;  the  double  scales  are  those  which  proceed  from  the  centre,  each  bein|; 
laid  twice  on  the  same  face  of  the  instrument,  viz.  once  on  each  leg.  From 
these  scales^  dimensions  or  distances  are  to  be  taken,  when  the  legs  of  the 
instrument  are  set  in  an  angular  position. 

The  single  scales  being  used  exactly  like  those  on  the  common  Gunter*s 
Scale,  it  is  unnecessary  to  notice  them  particularly;  we  shall  therefore  onlv 
enumerate  a  few  of  the  uses  of  the  double  scale,  the  number  of  which  is 
seven,  viz.  the  scale  of  Lines,  marked  Lin.  or  L.  the  scale  of  chords,  mark* 
ed  Cho.  or  G.  the  scale  of  Sines,  marked  Sin.  or  S.  the  scale  of  Tangents 
to  45^,  and  another  scale  of  tangents  from  45^  to  about  76^,  both  of  which 
are  marked  Tan.  or  T.  the  scale  of  Secants,  marked  Sec.  or  S.  and  the  scale 
of  Polygons,  marked  Pol. 

The  scale  of  lines,  chords,  sines,  and  tangents,  under  45^,  are  all  of  the 
same  racUus,  beginning  at  the  centre  of  the  instrument,  and  terminating  near 
the  other  extremity  of  each  leg,  viz.  the  lines  at  the  division  10|  the  <mords 
at  60^,  the  sines  at  90^,  and  the  tangents  at  45^ ;  the  remainder  of  the  tan- 
gents, or  those  above  45^,  are  on  other  scales,  beginning  at  a  quarter  of  the 
length  of  the  former,  counted  from  the  centre,  where  they  are  marked  vfith 
45<^  and  extend  to  about  76  degrees.  The  secants  also  begin  at  the  same 
distance  from  the  centre,  where  they  are  marked  with  0,  and  are  fh>m  thence 
continued  to  ^5^.  The  scales  of  polygons  are  set  near  the  inner  edge  of  the 
legs,  and  where  these  scales  begin,  they  are  marked  with  4,  and  from  thence 
are  numbered  backward  or  towards  the  centre,  to  12. 

In  describing  the  use  of  the  sector,  the  terms  hOerdl  dititmee  and  trannene 
distance  often  occur.  By  the  former  is  meant  the  distance  taken  with  the 
compasses  on  one  of  the  scales  only,  beginning  at  the  centre  of  the  sector ; 
and  ny  the  latter,  the  distance  taken  between  any  two  corresponding  diviaion» 
of  the  scales  of  the  same  name,  the  legs  of  the  sector  being  in  an  angular 
position. 

The  use  of  the  sector  depends  upon  the  porportionability  of  the  corres- 
ponding^  sides  of  similar  tnangles,  f  demon- 
strated m  art.  53,  Qeomefry,)  For  if  in  the 
triangle  ABC  we  take  AB=AC  and  AD=: 
A£,  and  draw  D£,  BC,  it  is  evident  that 
.D£  and  BO  will  be  parallel ;  therefore  by 
the  above-mentioned  proposition  AB:A.* 
BG  ::  AD  :  DE ;  so  that  whatever  part 
AD  is  of  AB,  the  same  part  DE  will  be  of 
BG  ;  hence,  if  DE  be  the  chord,  sine,  or 
tangent  of  any  arch  to  the  radius  AD,  BC 
will  be  the  same  to  the  radius  AB. 

Use  of  the,  line  of  Lines. 

The  line  of  lines  is  useful  to  divide  a  dven  line  into  any  number  of  equal 
parts,  or  m  any  proportion,  or  to  find  9d  and  4di  proportionals,  or  mean  pro- 
portionals, or  to  mcrease  a  given  line  in  any  proportion. 

ExAMPLic  1.  To  divide  a  given  line  into  any  number  of  equal  parts,  as 
suppose  0 :  nuike  the  length  of  the  given  line  a  transverse  distance  to  9  and 
9,  the  number  of  parts  proposed ;  then  will  the  transverse  distance  of  1  and  1 
be  one  of  the  parts,  or  the  ninth  part  of  the  whole ;  and  the  transverse  dig., 
tance  of  S  and  S  will  be  2  of  the  equal  parts  or  |  of  the  Whole  line,  be 

ExAVPLK  S.  If  a  ship  sails  5S  miles  in  8  hours,  how  much  would  she  sail 
in  3  hours  at  the  sume  rate  ? 
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Take  M  'm  jour  comjMisses  as  a  transverse  distance,  and  set  it  off  from  8 
la  8«  tlm  the  transverse  distance  3  and  S  being  measured  laterally,  will  be 
foimdc^piilto  19  aad  a  half,  which  is  the  number  of  miles  required. 

EziMPU  d.  Having  a  chart  constructed  upon  a  scale  of  6  miles  to  an 
inch,  k  m  reaiored  to  op«i  the  sector,  so  that  a  corresponding  scale  may  be 
tikea  fin»ift  the  line  of  lines  ?  , 

Make  the  transverse  distance  6  and  6,  equal  to  1  inch,  and  this  position  of 
the  sector  will  produce  the  given  scale. 

ExjjfFLB  4.  It  is  required  to  reduce  a  scale  of  6  inches  to  a  degree,  to 
another  of  3  inches  to  a  degree  ? 

ttbike  the  transverse  distance  6  and  6,  equal  to  the  lateral  dbtance  3  and 
S:  then  set  <^any  distance  from  the  chart  laterally,  and  the  corresponding 
tnuHverse  distaDee  will  be  the  reduced  distance  required. 

ExAMFif  5.  One  side  of  any  triangle 
\rtw%  C^veo,  of  any  length,  to  measure  the 
other  two  ades  on  the  same  scale. 

Suppose  the  aide  AB  of  the  triangle  ABC 
measures  50,  what  are  the  measures  of  the 
other  two  aides? 

79 ;--  c 

Take  AB  in  your  compasses,  and  apply  it  transversely  to  50  and  50 ;  to 
this  opening  of  the  sector  apply  the  distance  AC  in  your  compasses  to  the 
suae  Bumker  oo  both  sides  of  the  rule  transversely ;  and  where  the  two 
poaiti  fiyi  wOl  be  the  measure  on  the  line  of  lines  of  the  distance  required;  the 
distance  AC  will  fall  agamst  63,  63,  and  BC  against  45,  45,  on  the  line  of 
Uses. 

Uwe  of  the  lint  of  Chords  on  the  Sector. 

The  line  of  chords  upon  the  sector  is  very  useful  for  protracting  any  an- 
gle, when  the  paper  is  so  small  that  an  arch  cannot  be  drai\'n  upon  it  with 
the  radius  of  a  common  line  of  chords. 

Suppose  it  was  required  to  set  off  an  arch  of  30^,  from  the  point  C  of  the 
small  circle  ABC. 

Take  the  radius  DC  in  your  compasses,  and 
set  it  off*  tnnswendj  from  60^  to  60^  on  the 
chords,   then  take  the  transverse  extent  from 
9^  to  30^  on  the  chords ;  and  place  one  foot 
of  the  compasses  in  C,  the  other  will  reach  to 
£,  and  CE  will  be  the  arch  required.    And  by 
the  converse-j^peration  any  angle  or  arch  may 
be  measured*  vfau  with  any  radius  describe  an 
vch  about  the  angular  point ;  set  that  radius 
tniMff  ersely  from  60<^  to  60^ ;  then  take  the  dis- 
taste of  the  arch,  intercepted  between  the  two 

h^ii  and  apply  it  transversely  to  the  chords,  which  will  show  the  degrees  of 
tse  gifco  ai^ie. 

Nora.  When  the  angle  to  be  protracted  exceeds  60^,  you  must  lay  off 
MO,  uhI  then  the  remaining  part ;  or  if  it  be  above  120^,  lay  off  60^  twice, 
nd  then  the  remaining  part.  And  in  a  similar  manner  any  arch  above  60^ 
n^f  be  measured. 

Ute$  of  the  lines  of  Sincs^  Tangents^  and  Secants. 

By  the  several  lines  disposed  on  the  sector,  we  have  scales  of  several  ra- 
dii,iithat,  • 

14.   Having  a  length  or  radius  given,  not  exceeding  the  length  of  the  sec- 
^''whaspened,  we  can  And  the  chord,  sine,  Uc.  of  an  arch  to  that  radius; 
^^  wyposc  the  chord,  sine,  or  tangent  of  20  degrees  to  a  radius  of  £  inches 
^^reqund.    Blake  2  inches  the  transverse  opening  to  60^  and 60^  on ^e. 
^"Hwds ;  then  will  the  same  extent  reach  from  45^  to  45^  on  the  tan^utA^  ^t\A 
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from  90^  to  90^  on  the  sines ;  so  that  to  whatc^ver  radius  the  line  of  chords  h 
«6t,  to  the  same^are  all  the  others  set  also.  In  this  disposition,  therefore,  if 
the  transverse  distance  between  20O  and  20^  on  the  chords  be  taken  with  the 
tompass,  it  will  give  the  chord  of  20  degrees ;  and "  if  the  transverse  of  20^ 
and  20^  be  in  like  manner  taken  on  the  sines,  it  will  be  the  sine  of  20  de- 
grees ;  and  lastly,  if  the  transverse  distance  of  20°  and  20^  be  taken  on  the 
tangents,  it  will  be  the  tangent  of  20  degrees  to  the  same  radius  of  twi> 
inches. 

2dly.  If  the  chord  or  tangent  of  70^  were  required.  For  the  chord  you 
must  first  set  off  the  chord  of  60^  (or  the  radius)  upon^the  arch,  and  then  set 
off  the  chord  of  10^.  To  find  the  tangent  of  70  degrees,  to  the  same  radius, 
the  scale  of  upper  tangents  must  be  used,  the  under  one  only  reaching  to  45^  ; 
making  therefore  2  inches  the  transverse  distance  to  45^  and  45^  at  the  be- 
ginning of  that  scale,  the  extent  beti^'een  70^  $ind  70Q  on  the  same  will  be  the 
tangent  of  70  degrees  to  2  inches  radius. 

ddly.  To  find  the  secant  of  any  arch ;  make  the  given  radius  the  t^ns- 
verse  distance  between  0  and  0  on  the  secants ;  then  will  the  transverse  dis- 
tance of  20O  and  20°,  or  70^  and  70^,  give  the  secant  of  20^  or  70^  respec^ 
lively. 

4d[ily.  If  the  radius  and  any  line  representing  a  sine,  tangent,  or  secant, 
be  given,  the  degrees  corresponding  to  that  line  may  be  foimd  by  setting  the 
sector  to  the  given  radius,  according  as  a  sine,  tangent,  or  secant  is  concern^ 
^ ;  then  taking  the  given  line  between  the  compasses,  and  applying  the  two 
feet  transversely  to  me  proper  scale,  and  sliding  the  feet  along  till  they  both 
rest  on  like  divisions  on  both  legs;  then  the  divisions  will  show  the  degrees 
and  parts  corresponding  to  the  given  line. 

Ust  of  the  line  of  Polygons, 

?he  use  of  this  line  is  to  inscribe  a  regular  polygon  in  a  circle.  For  exam- 
ple, let  it  be  required  to  inscribe  an  octagon  m  a  circle.  Open  the  sector  till 
the  transverse  distance  6  and  6  be  equal  to  the  radius  of  the 'circle ;  then  will 
the  transverse  distance  of  8  and  8  be  the  side  of  the  inscribed  polygon. 

Use  of  the  sector  in  Trigonometry. 

All  proportions  in  trigonometry  are  easily  worked  by  the  double  lines  on 
the  sector ;  observing  that  the  sides  of  triangles  are  taken  off  the  line  of 
lines,  and  the  angles  are  taken  off  the  sines,  tangents,  or  secants,  according 
to  the  nature  of  the  proportion.  Thus,  if  in  the  triangle  ABC  we  have  given 
AB=56,  AC =64,  and  the  angle  ABC=460  30'  to  find  a 

Ihe  rest.     In  this  case  we  have  (by  art.  58,  Otometry)  '^ 

the  following  proportions,  as  AC  (64) :  sine  <  B  (46^ 


S(y) ::  AB  (56) :  sme  <  C,  and  as  sine  B :  AC  ::  sine  A :          X          N. 
BC.    Therefore  to  work  these  proportions  by  the_^  y^                   Vr» 
sector,  take  the  lateral  distance  C4=AC  from  the-"^^- -^^ 


line  of  lines,  and  open  the  sector  to  make  this  a  transverse  distance  of  46^ 
9b^z=i<i  B  on  the  smes ;  then  take  the  lateral  distance  56=AB  on  the  lines, 
and  apply  it  transversely  on  the  sines,  which  will  give  39^  24' =<  C.  Hence 
the  sum  of  the  angles  B  and  C  is  85^  54',  which  taken  from  180^,  leave  the 
angle  A=:940  6'.  Then  to  work  this  second  proportion,  the  sector  being  set 
at  the  same  opening  as  before,  take  the  transverse  distance  of  94^  6'=sthe 
angle  A  on  the  sines,  or,  which  is  the  same  thing,  the  transverse  distance  of 
its  supplement  85^  54';  then  this  applied  laterall]^  to  the  lines,  gives  the 
sought  side  BC=88.  In  the  same  manner  we  might  solve  any  problem  in 
trigonometry,  wh^  the  tangents  and  secants  occur,  by  only  measuring  the 
(transverse  distances  on  the  tangents  or  secants,  instead  of  measuring  them, 
on-the  sines,  as  in  the  preceding  example.  All  the  problems  that  occur  in 
Nautical  Astronomy  may  be  solved  by  the  sector,  but  as  the  calculation  hy 
logarithms  is  much  more  accurate,  it  will  be  useless  to  enter  into  a  fUrther 
detail  on  this  subject 


(     29     ) 

LOGARITHMS. 

IN  order  to  abbreviate  the  tedious  operations  of  multiplicatioii  and  dhisioir 
\ivith  hrge  numbers,  a  series  of  numbers,  called  logarithms,  were  lurented  by 
LiOid  Napier,  Baron  of  Marchinston  in  Scotiand,  and  published  in  Edmbw^ 
in  1614 ;  \iy  means  of  which  the  operation  of  multiplication  may  be  perform' 
cd  bj  addition,  and  division  by  subtraction ;  numbers  may  be  involved  to 
any  power  by  simple  multiplication,  and  the  root  of  any  power  extracted  by 
sm|Ae  divnioii. 

In  TiMe  XXVI.  are  given  the  logarithms  of  all  numbers  from  1  to  0099 ; 
to  each  one  oo^t  to  be  prefixed  an  index,  with  a  period  or  dot  to  separate 
h  from  the  other  part,  as  in  decimal  fractions ;  the  numbers  from  1  to  100 
are  poblislied  in  that  table  with  their  indices ;  but  from  100  to  0009  the  in- 
dex is  left  out  for  the  sake  of  brevity,  but  it  may  be  supplied  by  this  general 
rule,  viz.  tkt  index  of  the  logarithm  of  any  integer,  or  mixed  number,  it  akoayt  one 
leas  than  tke  maiUeT  of  integer  places  in  the  natural  number.  Thus  the  index  of 
the  logarithm  of  any  number  (integer  or  mixed)  between  10  and  100  b  1, 
from  100  to  1000  it  is  2,  from  1000  to  10000  is  9,  8lc.  the  method  of  finding 
the  logarithms  fit>m  thb  table  will  be  evident  from  the  following  examples. 
7b  fold  the  logarithms  of  any  number  less  than  100. 

Rule.  Enter  the  first  pape  of  the  table,  and  opposite  the  given  number 
will  be  found  the  logarithm  with  its  index  prefixed. 

Thus,  opposite  71  is  1.85126,  which  b  its  logarithm. 

Tojmd  the  logarithm  of  any  number  between  100  and  1000. 

Rule.  Fmd  the  given  number  in  the  left  hand  colunm  of  the  table  of  loga- 
rithms, and  immediately  under  0  in  the  next  column,  is  a  number,  to  which 
must  be  prefixed  the  number  2  as  an  index  (because  the  number  consists  of 
three  places  of  figures)  and  you  will  have  the  sought  logarithm. 

Thus,  if  the  logarithm  of  649  was  required ;  this  number  being  found  in 
the  left  hand  column,  against  it  in  the  column  marked  0  at  the  ton  (or  bot- 
tom) is  found  81224,  to  which  prefixing  the  index  2,  we  have  the  logarithm 
of  649=2.81224.       . 

7\>  Jmd  the  loearithm  of  any  number  between  1000  and  10000. 

RcLE.  Find  the  three  left  hand  figures  of  the  given  number,  in  the  left 
hand  column  of  the  table  of  logarithms,  opposite  to  which,  in  the  colunui 
that  IS  marked  at  the  top  (or  bottom)  with  the  fourth  figure,  is  to  be  found 
\he  sought  logarithm ;  to  which  must  be  prefixed  the  index  3,  because  the 
number  contains  4  places  of  figures. 

Thus,  if  the  logarithm  of  6495  was  required ;  opposite  to  649,  and  in  the 
rolumn  marked  5  at  the  top  (or  bottom)  is  81258,  to  which  prefix  the  index 

5  and  we  have  the  sought  logarithm  3.81258. 

7\>  find  the  logarithm  of  any  number  above  10000. 

Rule.  Find  the  three  first  figures  of  the  given  number,  in  the  left  hand 
rolomn  of  the  table,  and  the  fourth  figure  at  the  top  or  bottom,  and  take 
out  the  corresponding  number  as  in  the  preceding  rule ;  take  also  the  differ- 
ence between  this  logarithm  and  the  next  greater,  and  multiply  it  by  the 
given  number  exclusive  of  the  four  first  figures,  cross  off*  at  the  right  hand 
of  the  product  as  many  figures  as  you  had  figures  of  the  ^ven  number  to 
mnhiply  by ;  then  add  the  remaining  left  hand  figures  of  this  product  to  the 
V>ginthm  taken  from  the  tabic,  and  to  the  sum  prefix  an  index  eqnal  to  one 
less  than  the  number  of  integer  figures  in  the  given  number,  and  you  will 
have  the  aou^t  logarithm. 

TVoi,  if  the  logarithm  of  64957  was  required  :  opposite  to  649  and  under 

6  is  tlISS,  the  dmerence  between  this  ana  the  next  greater  number  81265  is 
7«  thb  wihiplied  by  7  (the  last  figure  of  the  given  number)  gives  49,  crossing 
off  the  light  hand  figure  leaves  4.9  or  5  to  be  added  to  81258,  which  makes 
Slf65»  to  diis  prefixing  the  index  4,  we  have  the  sought  logarithm  4.81263. 

Acun,  if  the  loganthra  of  6495738  was  required ;  the  logarithm  torrtv 
pon&g  to  649  at  the  Jeft.  and  5  at  the  top,  is  as  In  the  last  cxamp\e  U%^^, 
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the  difference  between  thb  and  the  next  greater  is  7,  which  multipUed  by 
7d8  (which  iff-equal  to  the  given  number  excluding  the  four  first  figures)  gives 
5166,  crossing  off  the  three  right  hand  figures  of  this  product  (because  the 
number  738  consists  of  three  figures)  we  have  the  correction  5  to  be  added 
to  81258 ;  and  the  index  to  be  prefixed  is  6  because  the  ^ven  number  con- 
sists of  7  places  of  figures,  therefore  the  sought  logarithm  is  6.81363. 

To  find  the  logarithm  of  any  mixed  decimal  number. 

Roue.  Find  the  logarithm  of  the  number  as  if  it  was  an  integer  by  the 
last  rule,  to  which  prefix  the  index  of  the  integer  part  of  the  given  number. 

Thus,  if  the  logarithm  of  the  mixed  decimal  649.5738  was  required  $— 
find  the  logarithm  of  6495738  without  noticing  the  decimal  point;  this,  id 
the  last  example,  was  found  to  be  81263,  to  this  we  must  prefix  the  index  S^ 
corresponding  to  the  integer  part  649 ;  the  logarithm  sought  will  therefore 
be  2.81263. 

To  find  the  logarithm  of  any  decimal  fraction  less  than  unity. 

The  index  of  the  logarithm  of  any  number  less  than  unity  is  negative,  but 
to  avoid  the  mixture  of  positive  and  negative  quantities,  it  is  common  to 
borrow  10  or  100  in  the  index,  which  must  afterwards  be  neglected  in  sum- 
ming them  with  other  indices ;  thus  instead  of  writing  the  index  —  1,  it  is 
generally  written  -|-  9  or  -|-  99  ;  but  in  general  it  is  sufficient  to  borrow  10  in 
the  index,  and  it  is  what  toe  shall  do  in  the  rest  of  this  toork.  In  this  way  we  may 
find  the  logarithm  of  any  decimal  fraction  by  the  following  rules. 

Rule.  Find  the  logarithm  of  a  fraction  as  if  it  was  a  whole  number ;— see 
how  many  ciphers  precede  the  first  figure  of  the  decimal  fraction,  subtract 
that  number  from  9  and  the  remainder  will  be  the  index  of  the  given  fraction. 

Thus  the  log.  of  0,0391  is  8.59218;  the  log.  of  0,25  is  9.39794;  the  log.  of 
0,0000025  is  4.39794,  &lc. 

7V>  find  the  logarithm  of  a  tndgar  fraction. 

Rule.  Subtract  me  logarithm  of  the  denominator  from  th&  logarithm  of 
the  numerator  (borrowing  10  in  the  index  when  the  denominator  is  the 
greatest)  the  remainder  will  be  the  logarithm  of  the  fhtction  sought. 


EXAMPLE  I. 

Required  the  log.  of  |  ? 
From  log.  of  3  0.47712 


Rem.  log.  i  or  ,375  9.67403 


EXAMPLE  II. 

Required  the  log.  of  3i  or  V  ? 
From  log.  of  13  l.llS^ 


Take  log.  of  8  0.90309  Take  log.  of    4  0.60206 


Rem.  log.  of  3^  or  3,85  0.51 18S 


To  find  the  number  corresponding  to  any  logarithm. 

Rule.  In  the  column  marked  0  at  the  top  (and  bottom)  of  the  table,  seek 
for  the  next  less  logarithm,  neglecting  the  index  ;  note  the  number  against  it, 
and  carry  your  eye  along  that  Une  until  you  find  the  nearest  leas  logarithm  to 
the  given  one,  and  you  wilt  have  the  fourth  figure  of  the  given  number  at  the 
top,  which  is  to  be  placed  to  the  right  of  the  three  other  figures ;  if  you  wish 
for  greater  accuracy,  you  must  take  the  difi*ercnce  between  this  tabular  lo- 
garithm and  the  next  greater,  also  the  dlfierence  between  that  least  tabular 
logarithm  and  the  given  one ;  to  the  latter  difference  annex  2  or  more  ci- 
phers at  the  right  hand,  and  divide  it  by  the  former  difference,  and  place  the 
quotient*  to  the  right  hand  of  the  four  figures  already  found ;  and  you  will 
have  the  number  sought  expressed  in  a  mixed  decimal,  the  integer  part  of 
which  will  consist  of  a  number  of  figures  (at  the  left  hand)  equal  to  the  index 
of  the  lo|;arithm  increased  by  unity,  f 

Thus,  if  the  number  corresponding  to  the  logarithm  1.02634  was  required ; 
I  look  for  52634  in  the  column  marked  0  at  the  top  or  bottom,  and  find  it 
standing  opposite  to  336  ;  now  the  index  being  1,  the  sought  number  must 
consist  of  two  integer  places,  therefore  it  is  33,6. 


*  Tbif  mottoai  raast  cooslii  of  as  nuuiT  phon  of  tettm  m  then;  wen  dnlten . 

toOieralMoriliediviiloiiof  dMimalc  lias,  If  cIh!  divisor  wm  40,  and  the  Miaiter  to  wUch  two  cl. 
pliers  wtn  ttBoesed  was  Sl  OMiMng  SjOO,  the  miocieat  must  not  be  esUmued  as  &  iMt  a*  OS,  and  tk«i  tir* 
fifvw  iM  te  ptaoBd  to  dw  rl|[r|it  of  the  fov  fl(«i«s  beftira  fiMud. 

t  Ii  the  iada  carrapoads  to  a  fraction  less  than  uniijr,  yoa  must  place  as  many  cipben  to  tlw  loft  of 
tJtmtmuabera§anfeqaai  to  the  index  subtracted  from  9,  tbe  decimal  point  being  placed  to  the  left  of 
i»e»e  clptert}  la  this  manoer  you  will  obtain  the  toughi  wum\)CT. 
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If  the  dvcB  logarithm  was  t.S£8S8 ;  I  find  that  d£858  stands  in  the  co- 
lanm  aMned  0  at  the  top  or  bottom,  directly  opponte  to  tlS  which  ii  the 
mnnbcr  aoog^  because  the  index  being  2,  the  number  must  consMi  of  S 
placta  of  igurcs. 

U  the  number  corresponding  to  the  logarithm  S.57S45  was  reipiired ;  I 
look  in  the  coiomn  0,  and  find  in  it,  against  the  number  S74,  the  logariduoa 
dTSt?,  and  gmding  my  eye  along  that  line,  I  find  the  giTcn  logarithm  57S4^ 
in  die  coimnn  mariced  5 ;  therefore  the  mixed  number  sought  b  9745,  and 
ainee  die  kidex  n  S,  the  integer  part  must  consist  of  3  places,  therefore  the 
number  sought  is  874,5.  If  the  index  had  been  1,  the  number  Would  have 
been  S7,45 ;  and  if  the  index  had  been  0,  the  number  would  have  been  S,745. 
If  the  index  had  been  8  corresponding  to  a  number  less  than  unity»  the 
answer  would  hare  been  0,03745,  kc. 

Again,  if  tihe  number  corresponding  to  the  logarithm  5,57811  was  requir- 
ed;  I  look  In  the  column  0,  and  find  m  it  against  378,  and  under  5,  the  loga- 
rithm 57107,  the  difference  between  this  and  the  next  greater  logarithm 
57818  being  11,  and  the  difference  between  57807  and  the  given  number 
57811  being  4^  to  this  4  I  affix  two  ciphers,  which  make  400,  and  diride  it  by 
J  Iv  the  quotient  is  36  nearly ;  this  number  connected  with  the  former  four  fi- 
gures make  378536,  which  is  the  number  required,  ance  the  index  being  5 
the  number  must  consut  of  six  places  of  figures. 

MULTIPUCATION  BY  LOGARITHMS. 

RuuE.  Add  die  logarithms  of  the  two  numbers  to  be  multiplied,  and  the 
sum  win  be  the  logarithm  of  their  product 


EXAliPLE  I. 

EXAMPLE  n. 

Mnkiply  SS  by  35. 

Multiply  33,4  by  1,8. 

ttlog. 

1.39794 

33,4  log. 

1.35035 

35  log. 

1.54407 

1,8  log. 

Product  40,33  log. 

EXAMPLE  IV. 

0.35537 

Product  875  Isg. 

2.94301 

1.60553 

EXABfPLE  III. 

jliailiply  3»S6  bj  0,0035. 

Multiply  0,35  by  0,003. 

^36       tog. 

0.51332 

0,35        log. 

9.39794 

0,0035    tog. 

7.59794 

0,003      log. 
Prodnet  0,00075  log. 

7.4ni3 

Prodnet  0,00815  kg. 

7.9111^ 

6.87506 

In  the  last  example  the  sum  of  the  two  indices  is  16,  but  since  10  was 
borrowed  m  each  number,  I  have  neglected  10  in  the  sum,  and  the  remainder 
6  being  less  than  the  other  10,  is  evidently  the  index  of  the  logarithm  of  a 
firMtian  leas  than  unity. 

DIVISION  BY  LOGARITHMS. 

Ruxx.  From  the  logarithm  of  the  dividend  subtract  the  logarithm  of  the 
diTisor*  the  remainder  will  be  the  logarithm  of  the  quotient. 


EXABIPLE  I. 
Dififc  875  by  35. 
Wilog. 
35  log. 

Qaotani  35  log. 

EXAMPLE  III. 
DMAs  3,00615  by  0,0035. 
«,00615  log. 
6,0035    log. 


3^36  log. 


8.94201 
1.39794 


1.54407 


7.91116 
7.39794 


0,51382 


EXAMPLE  U. 
Diride  40,38  hj  83,4. 

40,38  log.  1.60553 

33,4    log.  1.35035 

Qnotient  1,8  log.  0.35587 

EXAMPLE  IT. 
Diride  0,00075  fay  0,085. 

0,00075  log.  6.87506 

0,085     log.  a39794 

Qnotient  0,03  log.  8.47713 


In  Enmple  lU.  both  the  divisor  and  dividend  are  fractions  less  than  unity, 
nnd  tbM  Cvisor  n  the  least,  consequently  the  quotient  is  greater  than  unit^. 
in  Ennple  IV.  both  finetions  are  less  than  unity,  and  since  the  divisor  is 
the  craalBit,  its  logarithm  is  greater  than  that  of  the  dividend ;  for  thai  tea* 
wm  ^mMnbcanry  to  borrow  10 io  t6e  index  previous  to  making  the  suhtmr- 
fioo^  hemee  the  quotha t  u  less  than  uniij. 


32 


LOGARITHMS. 


INVOLUTION  BY  LOGARITHMS. 

Rule.  Multiphr  the  logarithm  of  the  number  given,  by  the  index  of  th\er 
power  to  which  tine  quantity  is  to  be  rused,  the  product  will  be  the  loga- 
rithm of  the  power  sought.  But  in  raising  the  powers  of  any  decimal  frai^ 
tion  it  must  be  observed,  that  the  first  siffnmcant  figure  of  the  power  must  be 
put  as  many  places  below  the  place  of  units  as  the  index  of  its  logarithm 
wants  of  10  multiplied  by  the  index  of  the  power. 


EXAMPLE  I. 
Required  the  square  of  IS? 
18  log. 

Answer  394  log. 

EXAMPLE  III. 
Required  the  square  of  6,4  ? 
6,4  log. 

Answer  40,%  log. 


1.25527 
2 

2.51054 


0.80618 
2 


1.61236 


EXAMPLE  n. 

Required  the  cube  of  13? 
13  log. 

Answer  2197  log. 

EXAMPLE  IV. 
Required  the  cube  of  0,25? 
0,25  log. 

Answer  0,015625. 


1.11394 
S 

3.34182 


9.39794 
3 

28.19382 


In  the  last  example  the  index  S8  wants  2  of  30  (the  product  of  10  by  the 
power  9)  therefore  the  first  significant  figure  of  the  answer,  viz.  1,  b  placed 
two  figures  distant  from  the  place  of  units. 

EVOLUTION  BY  LOGARITHM^.      - 

Rule.  Divide  the  logarithm  of  the  number  by  the  index  of  the  power, 
the  quotient  will  be  the  logarithm  of  the  root  sought.  But  if  the  power 
whose  root  is  to  be  extracted  is  a  decimal  fraction  less  than  unity,  prefix  to 
the  index  of  its  logarithm  a  figure  less  by  one  than  the  index  of  the  power,* 
and  divide  the  whole  by  the  index  of  the  power,  the  quotient  will  be  tne  loga- 
rithm of  the  root  sought. 

EXAMPLE  I. 
What  is  the  square  root  of  324? 

324  log.  2)2.51055 

Answer  18  log. 

EXAMPLE  ni. 
Required  the  square  root  of  40,96  ? 

40,%  log.  2)1.61236 

Answer  6,4 


1.25527 


log.  0.80618 


EXAMPLE  II. 
Required  the  cube  root  of  2197  ? 

2197  log.  3)3.34183 

Answer  13  log.  1.113M 

EXAMPLE  IV. 

Required  the  cube  root  of  0,015625  ? 

0,015625  log.  8.l938t 

Prefix  2  to  the  index  3)28. 19381 

Answer  0,25 


log.  9.39794 

TO  WORK  THE  RULE  OF  THREE  BY  LOGARITHMS. 

When  three  numbers  are  given  to  find  a  fourth  proportional  in  arithmetic, 
we  make  a  statement  and  say,  as  the  first  number  is  to  the  second  so  is  the 
third  to  the  fourth ;  and  by  multiplying  the  second  and  third  together,  and 
dividing  the  product  by  the  first,  we  obtain  the  fourth  number  sought.  To 
obtain  the  same  result  by  logarithms,  we  must  add  the  hgarUhms  of  Sit  teeand 
and  third  numbers  together^  and  from  the  9wn  subtract  the  logarithm  of  the  first 
number,  the  remainder  inll  be  the  logarithm  of  the  sought  fourth  number, . 

EXAMPLE  II. 
If  a  ship  sails  90  miles  in  7  hours,  how 
much  will  she  sail  in  21  hours  at  the  same 
rate? 
As7 

Is  to  20 


EXAMPLE  L 
If  6  jards  of  cloth  cost  5  dollars,  what 
will  20  yards  eost  ? 
As  6 


log.  0.77815 


Is  to  5 
So  is  20 

Sum  of  2d.  and  3d. 
Subtract  first 

To  16.67 


log.  0.69897 
log.  1.30103 


2.00000 
0.77815 


log.  1.22185 


The  answer  therefore  is  16  dollars  and 
67*l00ths  or  16  doUars  and  67  cents. 


So  is  21 

Sum  of  2d.  and  3d. 
Subtract  the  first 

To  60 

The  answer  is 


log.  0.84510 

log.  1.30103 
log.  1.38222 

2.68325 
0.84510 

log.  1.77815 

60 


*  /o  cUfrate  it  if  iOPpMed  that  10  was  borrowed  in  fiodinr  ibe  iadez  of  the  dediaal  accordiqc  w 
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To  eakulaU  COMPOUND  INTEREST  by  LogarithtM, 

To  IM  dollars  add  its  interest  for  one  year ;  find  the  logarithm  of  this  sum 
^nd  refect  t  in  the  index,  then  multiply  it  by  the  number  of  years  and  {larts 
of  a  j«ar,  Ibr  which  the  interest  is  to  be  calculated :  to  the  product  add  the 
logir&hm  of  the  sum  put  at  interest ;  the  sum  of  these  two  lo^aritluus  w  ill 
be  the  logarithm  of  the  amount  of  the  ^ven  sum  for  the  given  time. 

EXAiMPLE. 

Required  the  amount  of  the  principal  and  interest  of  Sj5  dollars,  lot  at  (] 
per  cent  compound  interest  for  7  years  ? 

Afklio;  6  to  100  gires  106,  whose  logarithm,  rejecting  2  in  ihc  index,  b  0.02331 

Multiplied  by  7 

Pnxluct.  0.17717 

Principal  355  dollars  log.         2.5502? 


Sum  gives  the  log.  of  533,S3  log.         2.72740 

Therefore  the  amount  of  principal  and  interest  is  533  dollars  and  83  cents. 

Tojmitke  Logaritkm'Sint^  Tangent^  or  Secant^  corresponding  to  any  numbtr 

of  Degrets  and  MinuU$,  by  Table  XXVII. 

The  given  number  of  degrees  must  be  found  at  the  bottom  of  the  pa^e 
when  between  45^  and  135°,  other>vise  at  the  top,  the  minutes  being  fouiid 
in  the  colmnn  marked  M,  which  stands  on  the  side  of  tlie  page  on  which  the 
degrees  are  marked;  thus,  if  the  degrees  arc  less  than  45,  the  minutes  an*  to 
be  found  in  the  left  hand  column,  &,c.  and  it  must  be  noted  tliat  if  the  degrees 
are  found  at  the  top,  the  names  of  hour,  sine,  co-sine,  tangent,  kc.  must  also 
be  found  at  the  top;  and  if  the  degrees  are  found  at  the  botturn,  tiic  names 
sine,  co-sine,  be  must  also  be  found  at  the  bottom.  Then  opposite  to  the 
number  of  the  minutes  will  be  found  the  log-sine,  log-secant,  in:,  in  the  co- 
lumn marked  sine,  secant,  kc.  respectively. 


EXAMPLE  I. 
Reqpifvd  the  log.  niie  of  99-  37'  ? 
Find  38P  at  the  top  of  the  page,  directly 


EXAMPLE  n. 

Required  the  log.  secant  of  12G"  20'  ? 
Find  126'^  at  the  bottom  of  the  page,  di- 


bdow  wiijeli,  in  the  left  hand  column,  findrcctly  above  which,  in  the  led  hand  column, 
37';  against  iriiich  in  the  column  marked  find  20^ ;  against  which,  in  the  column  mark- 
aine  b  9.69029,  the  log.  sine  of  the  given  ed  secant,  is  10.22732  rcquircil. 
oaaber  of  d^;rees ;  and  in  the  same  man-| 
ner  the  tangents,  &c.  are  found.  ' 

TwJMthe  Logarithm-sine,  Cosine,  ^r.  for  Degrees,  Minutes,  and  Stconds. 

by  Table  XXVII. 

Find  the  numbers  corresponding  to  the  even  minutes  next  above  and  below 
the  giTen  degrees  and  minutes,  and  take  their  difference ;  then  say,  as  60"  is 
to  the  number  of  seconds  in  the  pro])osed  number,  so  is  that  difference  to  .-i 
correction  to  be  applied  to  the  number  corresponding  to  the  least  number  nf 
degrees  and  minutes ;  additive  if  it  is  the  least  of  the  two  numbers  taken  from 
the  taMe,  otherwise  subtractive. 


EXAMPLE  I. 


EXAMPLE  n. 


Bewailed  the  kg.  aine  of  24^  l6'  ^'  ?  Required  the  lopr.  secant  of  105-  20'  16"  » 

of  WO  16'  9.6l382Sccant  of  105.20  log.  10.577(>S 

oTW    J7  9.61411  105.21  10.57722 


Diir.  29:  DifT.  46 

Then,  uW  :418^  ::  29  :  23,  which,  added  Then  as  60" :  16" ;:  46 :  12,  which,  subtracted 
to  the  amber  corresponding  to  24*^  16',  from  the  number  corresponding  to  105- 20', 
fives  9L614IS the  log.  sine  of  24-  l6'  43".       I^ives  10.57756,  the  log.  sec.  of  105   2U'  16". 

If  thegiren  seconds  be  J(,  J,  i,  j,  or  ^.  or  any  other  even  parts  of  a  uvi- 
ante,  the  like  parts  maj  be  taken  of  the  differvnco  of  the  los^arilUms,  ^\\d 
added  or  subtracted  as  abovcj  which  mny  be  fn»qnently  done  by  iuspeclvon. 


.SI  LOO^VRITILMS. 

To  find  the  Degrees^  Minutes^  and  Seconds,  corresponding  to  any  given  LogU' 

rithm^ine,  Co-sine,  $fc,  by  Table  XXVII. 

Find  the  two  nearest  numbers  to  the  given  logarithm-suie,  co-sine,  kc« 
in  the  column  marked  sine,  co-sine,  kc.  respectively,  one  being  greater  and 
the  other  less,  and  take  their  difference ;  take  also  the  difference  between  the 
given  logarithm  and  tlie  logarithm  corresponding  to  the  least  number  of  d<»- 
grees  and  minutes :  then  say,  as  the  first  found  difference  is  to  the  second 
found  difference,  so  is  GO"  to  a  number  of  seconds  to  be  annexed  to  the 
smallest  number  of  degrees  and  minutes  before  found. 

EXAMPLE  I. 
Find  the  degrees,  minulcs,  and  seconds  (less  than  W)  corresponding  to  the  log.  sine 

9.61405. 
Next  less  log.  24^  A  6'  9.61382     Log.  of  least  numb.  24^  16'  is        9.61 382 

Greater  24     17  9.61411      Given.log.  9.61405 


29  23 

Then  say,  as  29  :  23  ::  60"  :  4S"  which  annexed  to  24°  l6'  give  24°  16^  48"  answering 
,to  log.  sine  9.61405.  Subtracting  24^  16'  48"  from  180^,  there  remains  \bh^  43'  If  % 
the  log.  tine  of  which  is  also  9.61405.  " 

EXAMPLE  II.  ' ;  , 
Find  the  degrees,  minute's,  and  seconds  (above  90^)  corresponding  to  the  log.  secant 

10.56703. 
Secant  105°  43'  log.  10.56722     Log.  of  the  least  numb.  105»  43'  10.56722 

Secant  105    44  10.56677     Given  log.  10.56703 

45  19 

Then  as  45  is  to  19,  so  is  60"  to  25",  which  annexed  to  105°  43',  gives  105°  43'  25", 
the  degrees,  minutes,  and  seconds  required. 

To  find  the  Arithmetical  Complement  of  any  Logarithm. 

The  arithmetical  complement  of  any  logarithm,  is  what  it  wants  of  10,00000 
and  is  used  to  avoid  subtraction.  For  ^vhen  working  any  proportion  by  lo- 
garithms, you  may  add  the  arithmetical  complemeiri.of  &e  logarithm  of  the 
first  term,  instead  of  subtracting  the  logarithm  itsetf,  ^1[)8erTing  to  neglect  10 
in  the  index  of  the  sum  of  the  logarithms.  The  arithmetical  complement  of 
any  logarithm  is  thus  found :— Begin  at  the  index,  and  tcrite  doom  what  each 
figure  wants  o/9,  except  the  last  significant  figure,  which  take  from  10*. 

EXAMPLE. 

Required  the  arithmetical  complement  of  9.6£595  ?     . 

For  the  first  figure  9,  write  0;  for  6,  3;  for  2,  7;  for  5,  4;  for  9,  0;  and 
for  the  last  figure  5,  write  5 ;  thus  the  arithmetical  complement  is  0,,*57405. 

In  the  same  manner  the  arithmetical  complement  of  1.86563  is  8.13437, 
the  ar.  co.  of  10.33133  is  9.668C7,  and  the  ar.  co.  of  1.22800  is  8.77200.  To 
illustrate  the  method  of  using  the  arithmetical  complement  of  any  logarithm, 
I  shall  here  calc\ilate  the  examples  as  given  in  page  32. 

EXAMPLE   I.  EXAMPLE  II. 

As  7  log.  ar.  co.  9.15490 


As  6  .  log.  ar.  co.  9.22185 

Is  to  5  log.  0.69897 

Soi8  2Q  log.  1.30103 


To  16,67         log.  1.22185 


Is  to  20  log.  1.30103 

So  is  21  log.  1.32222 

To  60  log.  1.77815 


•  When  the  index  of  the  ^iven  logtirithm  is  gjeater  than  10,  at  in  some  of  the  numbera  of  Table 
XXVn.  the  left  hand  figure  ot  It  mu^t  be  ne^rlectetl  v  and  when  there  are  any  ctphen  to  th«  right  haad 
of  the  Ia9t  fti^ificant  figure,  you  nuiy  place  the  same  uumbtrr  of  ciphers  to  the  right  hand  of  tijte  other 
figures  of  the  arithmetical  complement. 
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PLANE  TRIGONOMETRY. 

PLJ15E  TRIGONQMETRY  is  the  science  which  shows  how  to  find  the 
■easures  of  the  sides  and  angles  of  plane  triangles,  some  of  them  Mng 
already  known.  It  is  divided  into  two  parts,  right-angled  and  oblique-angled : 
in  the  former  case,  one  of  the  angles  is  a  right  angle  or  90^;  in  the  latter 
they  are  all  oblique. 

In  erery  plane  triangle  there  are  six  parts,  viz.  three  sides  and  three  an- 
i:le«;  any  tkree  of  which  being  given  (except  the  three  angles)  the  other 
three  may  be  found  by  various  methods,  viz.  by  Gunter*s  Scale,  by  the  slid- 
ing rule,  by  the  sector,  by  geometrical  construction,  or  by  arithmetical  cal- 
ridation.  We  shall  explain  e^ch  of  these  methods  ;*  but  the  latter  is  by  far 
the  most  accurate;  it  is  performed  by  the  help  of  a  few  theorems,  and  a 
trigonometrical  canon,  exhibiting  the  natural  or  the  logarithmic  sines,  tati- 
ttnt&,  and  secants,  to  every  degree  and  minute  of  the  quadrant.f  The 
theorems  alluded  to  are  the  following : 

THEOREM  I. 

tn,  any  right  angled  triangle^  if  the  hypotenuse  be  made  radius^  one  Me  icill 
^  the  sine  of  the  opposite  angle  ^  and  the  otner  its  co-sine ;  but  if  either  of  the  let(s 
hf  made  raaws,  the  other  leg  trill  be  the  tangent  of  the  opposite  angle,  and  the 
kjfpQttnuse  trill  be  the  secant  of  the  same  angle. 


/ 


/ 


*., 


B 


'••«»•• 


Irt.  If  in  the  right-anrfed  plane  triangle  ACB  (fig.  1)  we  make  the  hypo^ 
t«iu8e  AB  radius,  and  upon  the  centre  A  describe  the  arch  BE,  to  meet  AC 
produced  in  E;  then  it  is  evident  that  BC  is  the  sine  of  the  arch  BE  (or  the 
?ine  of  the  angle  BAC)  and  that  AC  is  the  co-sine  of  the  same  angle:  and  if 
the  arch  AD  be  described  about  the  centre  B,  AC  will  be  the  sine  of  the 
angle  ABC,  and  BC  its  co-sine. 

Idly.  If  the  leg  AC  (fig.  2)  be  made  radius,  and  the  arch  CP  be  described 
about  the  centre  A ;  CB  will  be  the  tangent  of  that  arch,  or  the  tangent  of  the 
aagle  CAB ;  and  AB  will  be  its  secant. 

3dly.  If  the  leg  BC  (fig.  3.J  be  made  radius,  and  the  arch  CD  be  described 
aWit  the  centre  B;  CA  will  be  the  tangent  of  that  arch,  or  the  tangent  of 
tbe  angle  B ;  and  AB  will  be  its  secant. 

Now  it  has  been  already  demonstrated  (in  art.  55.  Gtom.)  that  the  sine, 
faag.  lec.  Stc.  of  any  arch  in  one  circle,  is  to  the  sine,  tang.  sec.  Stc.  of  a  simi- 
^  arch  in  another  circle  as  the  radius  of  the  former  circle  to  the  radius  of 
^  htter.  And  since  in  any  right-angled  triangle  there  are  given  either  two 
'i<ies>or  the  angles  and  one  side,  to  find  the  rest;  we  may,  if  we  wish  to  find 
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of  the  sector  or  tUdlac  wAie^  tor 
ttHsrtUfy  well  remed  In  Om  um  o(  Oviact^i  ^o)* 
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PLAxNE  TRIGONOMETRY. 


a  sidf%  make  any  side  radius;  then  say,  as  the  tabular  number  of  the  samp 
name  as  the  given  Mv,  is  to  the  given  side  of  the  triangle,  so  is  the  tabular 
number  of  the  same  name  as  the  required  side,  to  the  required  side  of  the 
trianj^le.  If  we  wish  to  find  an  angle,  one  of  the  given  sides  must  be  made 
radius ;  then  say,  as  the  side  of  the  triangle  made  radius,  is  to  the  tabular  ra- 
dius, su  is  the  other  given  side  to  the  tabular  sine,  tangent,  secant,  inc.  by  it 
rrprrsented;  which  being  sought  for  in  the  table  of  sines,  Slc.  will  correspond 
tu  tlie  degrees  and  minutes  of  the  required  angle. 

THEOREM  II. 

fn  all  plane  triangles^  the  sides  are  in  direct  proportion  to  the  sines  of  their  op- 
posite angles  (by  art.  08,  Geom.) 
Hence,  to  find  a  side,  we  must  say,  as  the  sine  of  an  angle  is  to  its  opposite 
FJdf ,  so  is  the  sine  of  either  of  the  other  angles  to  the  side  opposite  thereto. 
But  if  we  wish  to  find  an  angle,  we  must  say,  as  any  given  side  is  to  the  sine  of 
its  opposite  angle,  so  is  either  of  the  other  sides  to  the  sine  of  its  opposite  angle. 

THEOREM  ni. 

In  every  plane  triangle ^  it  will  be,  as  the  sum  of  any  two  sides  is  to  their  dif" 
fen  nee,  so  is  the  tangent  of  half  the  sum  of  the  two  opposite  angles  to  the  tangent 
nf  half  their  difference  (by  art.  59,  Geom.) 

THEOREM  IV. 

.45  the  hose  of  any  plane  triangle  is  to  the  sum  of  the  two  sides,  so  is  the  dif- 
ference oftht  two  sides  to  twice  the  distance  of  a  perpendicular  (let  fall  upon  the 
base,  from  the  opposite  angle)  from  the  middle  of  the  base  (by  art.  60,  Geom.) 

THEOREM  V. 

fn  any  plane  triangle,  as  the  rectangle  contained  by  any  two  sides  including 
a  souir/it  angle,  is  to  the  rectangle  contained  by  the  half  sum  of  the  sides  and  the 
h'llf  sum  decreased  by  the  other  side,  so  is  the  square  of  radius  to  the  square  of 
the  cosine  of  half  the  sought  angle  (by  art.  61,  Geom.) 

I  In  addition  to  these  theorem^,  if  u  i!l  nut  be  nmiu  for  the  learner  to  recall  to  miud  the  foUowio^  arti- 
c]«  H,  iiiu»it  of  w'Lich  have  been  already  deoionstmted.] 

1.  In  every  triangle,  the  greatest  side  is  opposite  to  tlie  greatest  angle; 
and  the  greatest  angle  opposite  to  the  greatest  side. 

^,     In  every  triangle  equal  sides  subte.nd  equal  angles.     (Art,  89,  Geom.) 

a.  The  three  angles  of  any  plane  triangle  are  equal  to  180^.  (Art,  3f>, 
(it'om.) 

4.  If  one  angl^of  a  triangle  be  obtuse,  the  rest  are  acute ;  and  if  one  angle 
hr  rijiiht,  the  other  two  together  make  a  right  angle,  or  90° ; 'therefore,  if 
OIK'  of  the  acute  angles  of  a  rigiit-angled  triangle  be  known,  the  other  is  found 
fiy  siil)tracting  the  known  angle  from  90^.  If  one  angle  of  any  triangle  be 
known,  the  sum  of  the  other  two  is  found  by  subtracting  the  given  angle  from 
i:;o^;  and  if  two  of  the  angles  be  known,  the  third  is  found  by  subtracting 
tln'ir  sum  from  180*^. 

:».  The  complement  of  an  angle  is  what  it  wants  of  90^,  and  the  supple- 
mint  of  an  angle  is  what  it  wants  of  1 80°. 

In  the  two  following  tables  we  have  collected  all 
the  rules  necessary  for  solving  the  various  cases  of 
Right-Angled  and  Oblique- Angled  Trigonometr}'. 

RIGHT-ANGLED  TRIGONOMETRY. 


i  Cim:. 


3&  3 


ik  5 


I 


Given. 


llyii.  AC. 
Anfries. 


Leg  UG. 
Angles. 


Hyp.  AC. 
Leg  AB. 


/ 


BotfttegB. 
ABkOD, 


Houffht. 


Leg  BU. 
Leg  AS. 


Leg  AB. 
Hyp.  AC. 


Angle*. 
Leg  BO. 


Angles. 
/  H/pt  AC. 


Solutions. 


Had. 
Rnd. 


hyp.  AC. 
hyp.  AC. 


sine  A. 
slneC. 


legBC. 
legAB. 


^   ^  leg  BU.    :    :    tang.  O. 

5  Rad.    :    leg  BC.    :    i    sec 
>  Or  Sine  A    ;    leg    BO. 


Had. 
(Rad. 


legAB. 
C.  :    bm  AC. 
rad.  :  hyp.  AC 


Hyp.  ACt  rad.    : 
Rad.    :    hypw  AC. 


leg  AB.  :  sine  C.  whose  cimip.  Is  A. 
sio«A.    :-  leg.  BO. 


i 


\jtg  BG.  :  rad.    t    t    lag  AB.  i  tang.  C.  whose  eomfk  It4. 
Sloe  0.  :  leg  AB.    :    :    hmL    :    hyp.  AG. 
Or  rad.    ;    Tok  BC.    :    •.   sec.  O.    •.   \iy^.  M3. 


OBLIQUE-AiNGLED  TRIGONOMETRY. 


s: 


U^i 


Givea. 


249 


rt"' 


■Ml  Side 


Two  fides  A  B, 
BC,  «Bf[ 
C  oppoRte 
MK  Of  iben. 


"»Sid« 


AkS 


IVoiidnAC, 
ABndibKio- 

dudeiaafleA 


Souglrt. 


BC. 
AC. 


AnfleA. 
AnglsB. 
AC. 


Anrfe* 
uadB. 


SidftBC. 


SolutioiM. 


Sine  C 
SineO 


sid«AB 
sUeAB 


riae  A 
sineB 


:  tide    BC, 
:  side    AC. 


Side  AB 
C,  and  the 
Sine  O 


•faie  C      :  s      lideBG  :  sine  A,  ^hich  added  to 
rabtncted  Crom  I80c  gives  B. 
dde    AB     :  :    aloe  B    :    side  AC. 


Suhtract  half  the  g^vea  an^rle  A  from  90O,  the  remiinder  is  liolf 
the  ram  of  the  other  angles.  Tlien  say,  as  the  sum  of  the  sides  AC, 
AB  u  to  their  diflTerence,  so  is  the  tangent  of  the  lulf  <tum  of  tlit* 
other  angles  to  the  Ungent  of  half  their  difference ;  which  added; 
to  and  subtracted  from  the  half  sum,  will  give  the  two  angles  B  and 
C  the  greatest  angle  being  opposite  to  the  i^reatest  side. 

Sine  B    :    side  AC    :   :    sine  A    :    side  BC. 


I    jAathrce  tides. 


Igks. 


Let  &U  a  perpendicular  BD  oppo&ite  to  the  required  angle  ;  then 

as  AC :  sum  of  AB,  BC  :  :  ihefa*  dilTerence  :  twice  DG,  the  distance 

of  the  perpendicalar  from  the  middle  of  the  base ;  hence,  AD,  CD 

AH   the   an-  are  known,  and  the  triangle  ABC  is  divided  into  two  right^ineled 

"'^  Criangles  BCD,  BAD .  then  bjr  cases  4  and  6  of  right-ongled  tngo- 

Donctiy,  we  may  -find  tlie  ao^  A  or  C. 


IZitber  of  the  angles,  as  A,  may  also  l>e  found  by  the  fuUowini: 
rale.    From  half  the  »um  of  the  three  sides  subtract  the  aide  Be:  op-' 
iposite  to  the  soufi^t  angle ;  take  the  logarithms  of  the  hiUf  sum  and 
Either  angle.'remalnder.  to  wbicli  a.id  the  arithmeii^  coiuplemeni.c  of  the  l«»{ra- 
*s  A.  'rithms  of  tlie  sUes  AU,  AC   (incluUiog  the  soutrht  angle ;)  half  the 

!  Isura  of  these  four  logurilhms  wlil  be  the  logarithmic  co>sine  of  halt 

'  .th(*  icousrht  ancle. 


Id  verking  by  logaridmis  with  any  of  the  preceding  rules,  you  most  remcrobrr.  that  the  logarithm 
*/tki ^jtt  Icrm  of  the  ttwa/ary  U  to  be  nthtrfutcd  frmn  the  turn  of  tkt  logarithm*  oj'  the-  ucond  and  third 
*^>  thi  Ttmainder  zrill  Ic  the  logarithm  uf  the  $ovghifouHh  tt  rm. 

When  the  first  term  is  radius  (whose  lugarithni  i!>  luloX-Oi);  vou  need  only  reject  an  unit  in  the  st'cond 
nt  hand  figure  of  the  index  of  the  sum  o?  tly  »vrooti  an«l  third  terms.  But  when  the  radium  occurs  in 
"^  KNued  or  third  term,  you  most  suppose  an  imlt  to  Im;  f«cidt^  to  the  second  left  hdnd  figure  uf  the 
«A  of  the  other  tennf  and  subtract  therefrom  the  logarithm  vi  the  first  term. 


Ill- 
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RIGHT-ANGLED  TRIGONOMETRY. 

Solution  of  the  sir  cases  in  right-angled  Trigonometry, 
CASE  I. 

Tht  anqhs  and  hypotenuse  given^   to  find  the 

legs. 
tiven  the  hypotenuse  AC  250  Icap^uos,  and 
"'•■an^le  C  opposite  to  the  side  AB=.'}.'>o  30' 
t«  find  the  base  CB  and  perpendicular  AB. 

BY  PROJECTION. 

Draw  the  base   CB  of  any  length;  witJi  an  ^ 
^^♦^nt  wualto  tlie  chord  of  60^  and  on  C  as  ac" 
^tre,  describe  the  arch  DE ;  from  E  to  I) 
nyo3'350;jO' taken  from  the  line  of  chords,* 

wroiigh  C  and  D  draw  the  line  AC,  which  make  equal  to  £50;  from  A  In 
Wl  die  pcvpendicular  AB,  to  cut  CB  in  B,  and  it  is  done;  for  CB  w\W  W 
«W.5,  and  AB= 145.2. 


^'^^S^^SZ^fSJ^^ia"'^!^,'"'"'^"^  /wm'fhe  Hue  of  chorda,  the  T«diua  w^  {y^ 
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RKillT-ANGLED  TRIGONOMETRY. 


BY  LOGARITHMS. 
By  making  the  hypotenuse  CA  radius,  it  will  be. 


To  find  the  base  BC. 
A:*  radius 

Is  to  the  hypot.  AC  250 
So  is  the  sine^g.  A  54"^  30* 

To  the  base  BC  203,5 


10.00000 
2.39794 
9.91069 


2.30863 


To  find  the  perpendicular  AB. 
As  radius  10.00009 

Is  to  the  hypot.  AC  250  2.39794 

So  is  sine  ang.  C  35'^  30'  9.76395 


To  the  per.  AB  145.2  2.16189 

BY  GUNTER'S  SCALE. 

In  all  proportions  wrought  by  Gunter*s  Scale,  when  the  first  and  second 
terms  are  of  the  same  kind,  the  extent  from  the  first  term  to  the  second,  will 
reach  from  the  third  to  the  fourth. 

Or  when  the  first  and  third  terms  are  of  the  same  kind. 

The  extent  from  the  first  term  to  the  third  will  reach  from  the  second  to 
the  fourth ;  that  is,  set  one  point  of  the  compasses  on  the  division  expressing 
the  first  term,  and  extend  the  other  point  to  the  division  expressing  the  third 
term ;  then,  without  altering  the  opening  of  the  compasses,  set  one  point  on 
the  division  representing  the  second  term,  and  the  other  point  will  fall  on  the 
division  showing  the  fourth  term  or  answer. 

In  the  present  example  the  work  will  be  as  follows : 

Extend  from  radius  or  90^,  to  54^  30'  on  the  line  of  sines;  that  extent  will 
reach  from  £50,  the  hypotenuse,  to  £03.5,  the  base  on  the  line  of  numbers ; 
and  the  extent  from  radius,  or  90<^,  to  35°  30'  on  the  Ime  of  sines,  will  reach 
from  £50  to  145.£  on  the  line  of  numbers. 

Observe  the  like  in  all  that  follows,  except  in  those  proportions  where  the 
word  secant  is  mentioned,  which  cases  must  be  wrought  by  considering  the 
hypotenuse  radius,*  there  being  no  line  of  secants  on  the  common  Gunter> 
Srale,  although  it  might  easily  be  marked  on  the  line  of  sines. 

Hott,    The  radius,  according  to  the  nature  of  tbe  proportion,  may  be  either  of  the  following  quaatitir^ 
8  points  on  the  line  of  rhumbs.  I        90^  on  the  line  of  sines. 

4  points  on  tbe  line  of  tan-rhumbs.  |        45"^  on  the  line  of  tangents. 

CASES  II.  AWD  III. 

The  angles  and  one  leg  given^  to  find  the  hy- 
potenuse and  other  leg. 

The  angle  ACB  33^  15',  the  leg  BC  325 
miles,  given,  to  find  the  hypotenuse  and  the 
other  leg. 

BY  PROJECTION. 

Draw  the  line  BC,  which  make  equal  to ' 
3i5  miles;  on  B  erect  the  perpendicular 
B  A ;  on  C,  as  a  centre,  with  the  chord  of  60O 
sweep  the  arch  BD,  which  make  equal  to 
33^  15';  draw  CD,  and  continue  it  to  cut 
AB  in  A,  and  it  is  done ;  for  AB  being  !|^ 
measured  on  the  same  sc^le  that  BC  was,  •" 
will  be  213.1,  and  AC  38C.6  miles. 


JJ95 


C 


BY  LOGARITHMS. 

By  making  the  base  BC  radius,  it  will  be, 


To  find  the  perpendicular  AB. 
As  radius  45^  10.00000 

Ih  to  the  base  BC  325  2.51188 

So  is  tang.  ang.  C  33^  15'  9.81666 


To  tlic  perpcn.  AB  213.1 


2.32854 
BY  GU 


To  find  the  hypotenuse  AC. 
As  radius  90^  10.00000 

Is  to  the  base  BC  325  2.5118S 

So  is  sec.  ang.  -C  33^  15^  10.07765 


To  the  hypot.  AC  388.6 
NTER. 


S.  58953 


Extend  from  45°  to  33^  15'  on  the  line  of  tangents ;  that  extent  will  reach 
from  the  base  3£5  to  the  perpendicular  !£13,1  on  the  line  of  numbers. 

Bd}y,  Extend  from  56^  45'  to  radius  on  the  line  of  sines;  that  extent  will 
reach  from  the  haae  325  to  tjje  hypotenuse  3E^,6  on  the  line  of  numbeni. 

/  Z  ^^  oaing  fo  the  analo^rv  raiihis  :  cos.  angle  iwtfitd  of  sucant%a^«*.  ^!wi\xtt  «cAt«»n*\  <to«  Wf^jp 
tnatetuJ  ofco-§e^mnt  nngle :  I{?i'.ltn5. 


RIGHT-ANGLED  TRIGOXOMKTRY. 
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CASES  IV.  AND  V. 

7^e  hypoUmae  and  one  leg  given,  to 

fatd  tie  OHgltsmuL  other  leg. 

The  iq^  AB  91,  the  hypotenuse  AC 

170.  given,  to  find  the  angle  ACB,  or 

BAG,  and  the  leg  BC. 

BY  PROJECTION.  S 

Draw  BC  at  pleasure;' on  B  erect 
the  perpendicular  BA,  which  make 
equal  to  91 ;  take  170  in  your  com- 
passes, and  with  one  foot  on  A,  de- 

scnbean  arch  to  cut  BC  in  C ;  join  A    B  C 

and  C,  and  it  is  done;  for  the  angle  C  will  be  39P  i^,  the  angle  A  57^^  3B\ 
and  BC  143,6. 

BY  LOGARITHMS. 
By  making  the  hypotenuse  radius  it  will  be, 


To  find  ike  angle  C. 
AsthekypoleiKiselTO 
Istombu 
Sm>  is  tfae  petpendicular  91 

TorioeangleC  32P  23^ 


2.23045 

10.00000 

1.95904 


To  find  the  base  Ba* 
As  radius 

Is  to  the  hypotenuse  170 
So  is  sine  ang.  A  57^  38' 


10.00000 
2.23045 
9.92667 

2.15712 


9.72859  To  the  base  BC  143,6 

BY  GUJTTER. 
Extend  from  the  hypotenuse  170  to  the  perpendicular  91  on  the  line  of 
numbers:  that  extent  will  reach  from  radius  to  the  angle  C,  or  the  comple- 
ment of  angle  A=9S^  2S'  on  the  line  of  sines. 

2dly.  Extend  from  radius  to  the  angle  A  57^  38'  on  the  line  of  sines :  that 
fxtent  wiU  reach  from  the  hypotenuse  170  to  the  base  1 13.6,  on  the  line  of 
numbers. 

CASE  VI.  ^ 

The  legs  girffi,  to  find  the  cmgles  and  hypotenuse. 

The  legs  AB  890,  BC  707,  given,  to  find  the  angle 
BAG  or  ACB,  and  the  hypotenuse  AC 

BY  PROJECTION.  JJ 

Make  BC=707,  and  on  B  erect  the  perpendicular 
B.\,  whicl^  make  equal  to  890 ;  join  AC,  and  it  is  done ; 
for  the  angle  C  will  he  51^  3^;  consequently  the  angle 
A  38^  28',  and  the  hypotenuse  1 137.  B 

BY  LOGARITHMS. 

By  making  the  base  radius,  it  will  be. 

To  find  the  hypotenuse  AC.f 
As  radius  10.00000 

Is  to  the  base  707  2.S4942 

So  is  the  sec.  ang.  C  51^  32'  10.20617 


i^'y 


To  find  the  angle  C. 

Aj(kl«se707 

2.84942 

Ittorriios 

10.00000 

So  is  the  perpendicidar  990 

2.94939 

Ta  taa.  ang.  C=51<^  32^ 


3.05559 


10.09997  To  the  hyp.  AC=1137 

BY  GUNTER. 

The  extent  from  707  to  890  on  the  line  of  numbers  will  reach  from  radius, 
or  4i  degrees,  to  the  angle  C  51^  3i2'  on  the  line  of  tangents. 

3dly.  The  extent  from  the  angle  C  51^  32'  to  radius,  or  90^,  on  the  line 
of  son,  win  reach  from  the  base  890  to  the  hypotenuse  1137,  on  the  line  of 
niunbcn. 


adw  tks  10^.  finei,  or  tanfents  to  the  ncamt  minute  only,  it  is  best  to  use  Ikii  cumq 
is  mofv  eorrect  than  tlw  one  found  by  nwkinf  Uie  perpendicular  tmUos*,  bncwHit 


At  «wfnn  « Ik*  Iflifc  sine  of  an  srdi  is  less  than  the  eorreipoiidiD^  variation  of  theVos.  tukc*tia. 
t  WisBMan  iMlDK  AO il  bbmto  mtke  tbegrtatett  side  nulius,  for  the  itaion  ueMtan 
^«  BHasw. 


neaitaiMd  Va 
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OBLIQUE   TRIGONOMETRY. 


QUESTIONS 

To  txercise  the  learner  in  Right- Angled  Plane  Triganomitry, 

Quest.  1.  The  hypotenuse  496  miles,  and  the  angle  opposite  to  the  base 
;'>C'^  1  b\  given,  to  find  the  hase  and  perpendicular. 

Ans.     Base  412.4,  and  the  perpendicular  £75.6  miles. 

Quest.  S.  The  perpendicular  £75  leagues,  and  the  angle  opposite  to  the 
base  56°  15',  given,  to  find  the  hypotenuse  and  base. 

Ans.    The  hypotenuse  495,  and  base  411.6  leagues. 

Quest.  S.  The  base  33  yards,  and  the  angle  opposite  to  the  perpendicular 
53°  26',  given,  to  find  the  hypotenuse  and  perpendicular. 

Ans.   hypotenuse  55.39,  and  the  perpendicular  44.49  yards. 

Quest.  4.  The  hypotenuse  575,  and  perpendicular  50  miles,  given,  to 
find  the  base. 

Ans.     Base  57£.8  miles. 

Quest.  5.  The  hypotenuse  59,  and  the  base  33  miles,  given,  to  find  the 
perpendicular. 

Ans.     Perpendicular  48.9  miles.  ^ 

Quest.  6.  The  base  33,  and  perpendicular  52  leagues  given,  to  find  the 
hypotenuse. 

Ans.     Hypotenuse  61.59  leagues. 


OBLIQUE    TRIGONOMETRY. 


CASE  I. 

Two  angles  and  one  side  given,  to  find  either  of  the  legs. 

Given  the  angle  BAG  =  100° 
the  angle  ACB=:540  and  the 
hjr  AB=2£0  to  find  the  sides. 


K 


..••' 


BY  PROJECTION. 

Subtract  the  sum  of  the  angles  A  and  C  from  180^,  the  remainder  will  be 
the  angle  B=£6^.  Draw  the  indefinite  line  BE,  also  the  line  BH,  making  the 
^ngle  EBH=260,  on  BH  set  off  BA  220.  On  A  make  the  angle  BAG  100© ; 
then  AC  will  intersect  the  line  BE  in  the  point  C,  which  completes  the  trian- 
gle, and  BC  will  measure  (on  the  same  scale  from  which  BA  was  laid  down) 
268  nearly,  and  AC  119. 


BY  LOGARITHMS  by  Theorem  H. 


To  find  BC. 

As  the  sine  of  the  angle  C  54^  9.90796 

Is  to  the  side  AB  220  2.34242 

So  is  the  sine  of  the  anj?.  A  100^  9.99335 


12.33577 
9.90796 


To  the  side  BC  267.8 


2.42781 


To  find  DC. 
As  sine  ang.  C  54^ 
Is  to  the  side  AB  220 
So  is  the  sine  ang.  B  26^ 


To  side  AC  119.2 


9.90796 
S.34249 
9.64184 

11.98426 
9.90r% 

2.07630 


BY  GUNTER. 


The  extent  froni  the  angle  C=54^  to  the  angle  A  or  its  supplement  80^  ob 
the  sines,  will  reach  from  AB=:220  to  BC=ft68  on  the  line  of  numbers. 

^d}y.  The  extent  from  the  angle  0=54^  to  the  angle  6=26^,  on  tbe  slnest 
wv7/  reach  from  AB=220  to  AC =119  on  the  \me  of  numbers. 


OBUQUE  TRIOONOMETRY. 


41 


CASES  II.  AND  III. 

TwBB  Mamd  en  oi^  ofpomU  to  cm  of  ^um  btmg  givefh  to  find  ike  other 

anglet  an^i  the  third  aide* 
Note.  It  may  be  j^ 

proper   to  obserre,  ^^^ 

thai  if  the  giren  an-  ^ 

gle  be  obtine«    the  H^ 

an^  «<Ni^  will  be 

bat  when  the  ^^^C<^  y'         X4ti> 


and 


IS  acute 
<^ipo8ite  to    a£* 

grrea     nde, 
it  b  doubtiul 

whether  the  reqidred  angle  is  acute  or  obtuse ;  it  ought  therefore  to  be  gtren 
hf  tike  cooditioos  of  the  problem. 

BxavFLK.    Ijet  there  be  given  the  side  BC  410,  the  side  AB  640,  and  the 
anijk  A  ta^^^,  to  find  the  other  side  AC,  and  the  angles  ABC,  BCA. 

BY  PROJECTION. 
Draw  the  indefimte  line  FE,  make  the  angle  DAEss^dJ^,  on  AD  set  off 
AB=640,  then  on  B,  with  410  in  your  compasses  taken  from  Uie  same  scale, 
dMcribg.  aa  arch  cutting  FE  in  the  points  C  and  O,  join  BC,  BG,  and  it  is 
done;  An'  the  triangle  may  be  either  ACB,  or  AOB,  according  as  the  anf^e 
C«  or  6,  b  acute  or  obtuse;  if  that  angle  be  acute,  the  triangle  will  be  ABC; 
the  nde  AC  wfll  measure  908,  the  angle  ACB  will  measure  S8|0,  and  the 
angle  ABC  will  measure  118^  nearly ;  but  if  the  angle  at  the  base  be  obtiSM^ 
the  triangle  wiD  be  A6B ;  the  side  AG  will  measure  266,  the  an^e  AGB 
wil  measure  141i<^  andthe  angle  AB6  15^. 

'  If  the  side  BC  had  been  given  greater  than  AB,  there  could  have  been  only 
•ne  answer  to  thb  problem ;  for  m  that  case,  the  point  G  would  have  (alien 
oo  the  eantiniiation  of  the  line  CA  towards  F,  in  which  case  the  angle  A  of 
the  trian^  would  become  equal  to  FAB,  instead  of  being  equal  to  its  supple* 
ment,  as  is  required  by  the  conditions  of  the  problem. 


BY  LOGARITHMS,  by  Theorem  n. 


To  Had  the  sagle  C  or  6. 
Aa  tte  Mie  BC  410  2.6127S 

b  to  the  one  of  angle  A  SSi^ 
SoistheadeAB640  2.80618 


9.60070  Is  to  AB  640 


12.40698 
8.61278 


To  we  ^.  C  38  30or  G  141  30    9.79410 
Ai«|eAadd     23  30  23  30 


62    Oor     165    0 
190    0  180   0 


Ai^  ABC  lis    0  ABG  15    0 


i 


To  find  AC 
As  sine  angle  C  38^  30^ 


So  18  sine  angle  ABC  118^ 


To  the  side  AC  907,8 

To  find  AG. 
.Vs  sine  angle  G  141^  30' 
Is  to  AB  640 
So  is  sine  aoglc  ABG  15^ 


9.79*19 
2.80618 
9.94593 

12.769U 
9.79U0 

2.95801 


9.79410 
2.80618 
9.41300 

U.2191S 
9.79410 

2.42508 


isi. 


To  the  side  AG  266^1 
BY  GUNTER. 
Tlie  extent  IVom  BC=410  to  AB=640,  on  the  line  of  ntunbers,  fi^l 
A=s29|^,  to  38|0,  on  the  line  of  sines,  which  is  equal  to  the  angle 
C ;  ill  Midi  III!  Ill  141^  SO'  being  equal  to  the  angle  G. 

Idly.   The  extent  from  the  angle  0=380  50'  to  62^  tf  (the  supplement 
of  theaigle  ABC,  IIS^  O^on  the  sines,  will  reach  from  AB =640  to  908,  on7 
the  Use  of  irambers;  therefore  the  side  AC =908. 

Or,  the  extent  from  38^  SO'  (the  supplement  of  the  angle  G)  to  the  an(g^e 
kBB&lSP  9^  oa  ibe  aiaes,  will  reach  from  AB=640  to  We,  on  theXuie  ^t 
beaceAG^t96. 

B 
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OBLIQUE  TRIGONOMETRY. 


CASKS  IV.  AWD  V. 

Ttpo  ddea  and  thdr  contained  angle  being  fiven,  to  find  either  of  the  other  an- 
gles and  the  third  side. 
Given  the  side  AB   110  m.  AC  80  m.    "g^ 
and  angle  BAC  96<=>  0'  to  find  the  angles     \ 
BCA  and  CBA. 

BY  PROJECTION. 
Draw  the  indefinite  right  line  AD,  on 
which  set  off  AB=rllO;  make  the  angle 
£AB=960;  and  on  AE  set  off  AC=r80; 
join  BC,  and  it  is  done ;  for  BC  will  mea- 
sure on  the  former  scale  14d,  and  the  an- 
gles B  and  C  will  measure  dS^  55'  and  50^ 
&'  respectively  on  the  line  of  chords. 


BY  LOGARITHMS. 


To  find  the  angles  B  and  C  by  Th.  III. 
As  sum  of  sides  AC  and  AB  190      2.27875 
is  to  their  diflerence  30  1.47712 

So  is  tang,  i  sum  m.  <'»  \  ^^        q  ^^^^ 

orcomp.  i  ang.  A.         5 


Toiang.  half  diff. 

Sam  is  angle  C 
Diff.  isangleB 


11.43156 
2.27S76 


8^,  5'=9. 15281 


50    5 
33  55 


To  find  the  side  BC  by  Theorem  11. 

As  sine  ang.  B  33^  55'  9.746^ 

Is  to  AC  80  1.90309 

So  is  sine  ang.  A  %°  0'     >  ^  oav£,m 

or  its  sup.  84  0      5  9.997M 


To  side  BC  142.6 


11.90070 
9.74668 

9.15406 


BY  GUNTER. 

Ist.  The  extent  from  the  sum  of  the  sides  IdO  to  their  difference  50  on 
the  line  of  numbers,  will  reach  from  the  half  sum  of  the  angles  B  and  C  4£^ 
to  their  half  difference  8^  6'  on  the  line  of  tangents.  The  sum  of  which  half 
sum  and  half  difference  gives  the  angle  C  50^  5'  and  their  difference  the  angle 
B  99P  55' ;  the  greatest  angle  being  opposite  to  the  greatest  side. 

adly.  The  extent  from  the  angle  B  S3P  55',  to  the  ande  A  96°  (or  its 
supplement  84^)  on  the  line  of  sines,  will  reach  from  the  side  AC  80  to  the 
sioe  BC  142,6  on  the  line  of  numbers. 

CASE  VI. 

The  three  sides  of  a  plane  triangle  given^  to  find  the  angles. 

The  sides  AB  85,  BC  57,  AC  108  given,  to  find  the  angles  ABC,  BAC,  BCA. 

BY  PROJECTION. 
Draw  the  line  AC,  and  make  it 
equal  to  108;  take  85  in  your  com- 
passes, and  with  one  foot  on  the  \^y^ 
point  A,  describe  an  arch;   then 
take  the  distance  57  in  your  com- 
passes, and  with  one  foot  on   C,                          ^ 
describe  another  arch  intersecting                        ^ 
the  former  arch  in  the  point  B; 
join  AB,  CB,  and  it  is  done.     For 
the  angle  A  being  measured  will 

be  foundssSHO,  B=970,  and  the 

angle  C:ss91iO  nearly. 


OBLIQUE  TRIGONOMETRY. 
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BY  LOGARITHMS,  by  Theorem  IV. 
Sup[M>ae  BD  to  be  drawn  perpendicular  to  AC,  and  that  AG=GC. 


Soiof  the  sides 
INC  of  tiieodes 

IfairbMeAC 
DG 


Side  AB=85 
Side  BC=^57 

142 
28 


54 
1S.4 

7S.4 
35.6 


As  the  base  AC  108  2.03342 

Is  to  the  sum  of  the  sides  AB  and  B6 142    2.15229 
So  is  diC  of  the  sides  AB  and  BC  28  1.44716 


To  twice  DG 
Its  h&lf=DG 


36,8 
18,4 


3.59945 
2.03342 

1.56603 


9m  m  sreitar  wtg.  AD 
INC  ii  lent  teg.  DC 

HaTinr  divided  the  triangle  into  two  right-angled  triangles,  th^  hypote- 
I  and  bases  of  which  are  given,  we  may  find  the  angles  by  Theorem  I. 


To  find  the  angle  BAD. 
At  the  hypotenuse  AB  85  1 .92942 

litondiBi9lF  10.00000 

6s  is  the  greater  aeg.  AD  72,4         1 .85974 


To  find  the  angle  BCD. 
As  the  hypotenuse  BC    57 
Is  to  radius  90^ 
So  is  the  lesser  seg.  DC  35,6 

To  co-sine  of  BCD=5lo  21' 
BAD=31    36 


BAD=31°  36' 


9.93032 


1.75587 

10.0000Q 

1.55145 

9.79558 


Sum    82    57 
Subtract  from  180 


JRcmains  angle  ABC    97     3 


BY  GUNTER. 

tst  The  extent  from  the  base  AC  =  108,  to  the  sum  of  the  sides  142,  on 
file  Une  of  numbers,  will  reach  from  the  difference  of  the  sides  28,  to  twice 
D6  36.8  on  the  same  line  of  numbers. 

tdly.  The  extent  from  the  hypotenuse  AB=:85,  to  the  greater  segment 
AD  ItA^  on  the  line  of  numbers,  will  reach  on  the  sines  from  the  radius  90^ 
to  58^  £4' whidi  b  the  complement  of  the  angle  BAD. 

5dly.  The  extent  from  the  hypotenuse  CB  57,  to  the  lesser  sepnent  DC 
8541  on  the  line  of  numbers,  will  reach  on  the  sines  from  the  radius  90^  to 
9lP  99',  which  k  the  complement  of  the  angle  BCA. 

This  case  may  be  solved  without  dividing  the  triangle  into  two  right-an- 
gled triangles  by  Theorem  V . 


HUfi 
lUfi 


To  find  the  angle  A 
BC=57 

AB=  85  log.  CO.  ar. 
AC=108   log.co.ar. 


250 
125  log. 
BC68  1og. 


Having  the  angle  A,  we  may  find  the  angle 
C  by  Theorem  II. 
8.07058  As  BC  57  1.75587 

7.9665S  Is  to  sine  angle  A  31<^  36'  9.71932 

So  b  AB  85  1.92942 


2.0%91 
1.83251 


lUtf  101150  48' 

8 


Sum)  19.96658 
Co-sme        9.93329 


11.64874 
1.75587 


To  the  sine  of  angle  C  51^  23'         9.89287 


>>«AWb3l  36=angleA. 
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ASTRONOMY  AND  GEOGRAPHY, 

ASTRONOMY  is  the  science  which  treats  of  the  motioin  and  distances 
6f  theheaTenl;^  bodies,  and  of  the  appearances  thence  arising. 

Ckocraphy  is  the  science  which  treats  of  the  situations  and  distaocea  of 
the  Yarious  parts  of  the  surfoce  of  the  earth. 

VhE  common  opinion  of  astronomers  of  the  present  day  is,  that  the  lui- 
vene  b  composed  of  an  infinite  numher  of  systems  or  worlds;  that  in  ev«rj 
system  there  are  certain  bodies  moving  in*  free  space,  and  revolving  at  differ- 
ent distances  round  a  sun,  placed  in  or  near  the  centre  of  the  system;  aai 
that  these  suns  and  other  bodies  arc  the  stars  which  are  seen  in  the-  heaTens** 

The  Solar  System,  so  called,  is  that  in  which  our  earth  is  f^ced,  and  !■' 
which  the  sun  is  supposed  to  be  fixed  near  the  centre,  with  severU  bodia%: 
shnilar  to  our  earth,  revolving  round  at  different  distances.    This  hypothMii^ 
whkh  is  fully  confirmed  by  obsenation,  is  called  the  Copemkan  SyvtMi« 
from  Nicholas  Copernicus,  a  Polish  Philosopher,  who  revived  it  about  the  - 
year  1500,  after  it  nad  been  buried  in  oblivion  many  ages. 

Stars  are  dbtinguished  into  two  kinds,  Jixtd  and  tcanderisif.^  The  fonMT 
are  supposed  to  be  suns  in  the  centres  of  their  s^^stems,  shining  with  dwilf. 
own  light,  and  preserving  nearly  the  same  situation  with  respect  to  each 
other.  They  are  usually  distinguished  by  their  brightness,  the  largest  bmi^ ' 
called  of  the  first  magnitude,  and  the  smallest  visible  to  the  naked  eye  Wag 
of  the  sixth  or  seventh  magnitude.  A  Constellation  is  a  number  of  stars  Mv 
in  the  neigbourhood  of  one  another  on  the  surface  of  a  celestial  sphere,  wnkh 
astronomers,  for  the  sake  of  remembering  with  greater  ease,  suppose  to  be  cir- 
cumscribed by  the  outlines  of  some  animal  or  other  figure.  The  wanderinip 
stars  are  those  bodies  within  our  system,  or  celestial  sphere,  which  reifolfe 
round  the  sun ;  they  appear  luminous  by  reflecting  the  lignt  of  the  sun,  and  are 
of  three  kinds,  namely  primary  nlanet$^  stcondary  planets,  and  camUi*  > 

The  Priaiary,  Planets  are  bocues  which  revolve  round  the  sun,  aa  thp  «9BB* 
Ire  of  their  courses,  the  motions  being  regularly  performed  in  tracks  orpma 
(called  orHis)  that  are  nearly  circular  and  concentric  with  each  other.  A  fh^ 
qmiary  Planet,  Saitllitt,  or  Afooa,  is  a  body  which,  while  It  is  carried  nMWl 
the  8un,  revolves  also  round  a  primary  planet.  Comets  are  a  sort  of  plni|pta 
moving  round  the  sun  in  very  eccentric  orbits,  with  vast  atmospherea  ilHM 
them,  and  talis  derived  from  the  same. 

There  are  eleven  primary  planets,  which,  reckoned  in  order  from  tke  aOBt 
are  as  followi :  Mercury,  Venus,  the  Earth,  Mars,  Vesta,  Juno,  PaUaa,  Ccfefy 
Jupiter,  Saturn,  and  Uranus. 

Mercury  and  Venus  are  called  inferior  planets,  because  their  orhiti  are 
withm  the  earth's ;  the  others  are  called  sttptrior  planets,  as  thdr  orfaita  »•■ 
elude  that  of  the  earth. 

The  Suit,  the  first  and  greatest  obiect  of  astronomical  knowledge*  is  plaeed 
aear  the  centre  of  the  orbits  of  all  the  planets,  and  turns  round  its  axia  in  tSi 
days;  its  diameter  is  889,000  English  miles,  and  its  mean  distance  ftem  ttii 
earth  99  miltions  of  miles. 

MsacuaT  is  the  least  of  ail  the  jplanets,  known  before  the  discovery  of  Veata, 
Juno,  Pallas,  and  Ceres,  and  is  the  nearest  to  the  sun,  his  mean  distance  from 
that  luminary  being  37  millions  of  miles.  His  periodic  revolution  in  his  orbit 
round  the  sun  b  performed  in  87  days  £3  hours,  and  his  diameter  is  about  3£00 
miles. 

Vkh us  is  the  brightest  of  all  the  planets.  Her  dbmeter  is  7687  miles ;  her 
mean  dbtance  from  the  sun  68  nullions  of  miles ;  and  her  periodic  revolution 
is  performed  \n  224  days  17  hours.  When  this  planet  is  in  that  part  of  her 
orbit  which  is  west  of  the  sun,  she  rises  before  him  in  Uie  morning,  and  b  called 
the  msming  star ;  when  she  b  in  the  eastern  i>art  of  her  orbit,  she  shines  in 
the  evening,  after  he  sets,  and  is  called  the  evening  star. 

Tlui  aext  planet  ia  the  EARTH,  the  diametvt  of  wUch  b  7964  miles,  the 
itom  the  sun  95  millions  of  miVe»,  and  the  Vviive  o^  teso\vcC\QTv  t^MOid 
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tli«  Hin  OM  jrear.  The  earlli  lunis  round  its  aiia  from  west  to  eaal  in  S9b. 
aenl.  wbkk  oeciisioiu  tbe  a|)p]irrnl  <Uunul  mutiun  of  tht  sun  uid  all  the 
licav<nlf  bodies  rouad  it  from  east  to  west  in  the  same  timr.  tni  in,  of 
raant.  (be  cause  of  tbdr  [ising  and  setting,  of  da;  and  night.  The  axis  of 
the  urtk  is  inclined  about  tSfi  i6'  to  the  plane  of  its  orbit.'  and  keeps 
Marij  ia  •  direction  parallel  to  iuelf,  throughout  its  annual  course,  nhich 
ratal*  fht  return  of  spring  and  summer.  auEunin  and  winter.  Thus  the 
Awtwl  motion  gives  us  the  grateful  vicissitude  of  night  and  day,  and  the  an- 
iwal  OMtinn  the  re^ar  succession  of  the  seafons.  The  earth  is  attended  by 
asktslitc  called  the  MoDR.whoae  diameter  is  3161  miles;  her  distance  from 
Uweentre  vf  the  earth  is  240,000  miles:  she  goes  round  her  orbit  in  ST  days 
■  boorst  bul,  reckoning  from  change  to  change,  in  i9i  days.  Her  orbtt  (s 
inciiMd  to  Ibe  ecliptic  in  on  angle  of  d^  9',  cutting  it  in  two  points  diametri- 
oOj  oMNwite  to  each  other,  called  her  noJtt.  As  the  moon  shines  only  by 
the  Mk«te<]  light  of  the  sun,  she  must  appear  (Afferent  when  in  different 
BttMtioas  with  respect  to  that  luminary.  When  she  is  in  conjunctioa  with 
tbe«ttn.  berdark  side  is  turned  (nwards  the  e.arth.  which  renders  her  invisi- 
blai  tbi*M called  new  moon:  when  the  is  in  opposition,  her  light  nde  Is 
wboUj  rinhle  from  the  earth;  this  is  called  full  moon. 

If  at  the  time  of  new  moonsheisnear  to  either  of  her  nodes,  she  may  inter- 
cept ■  psrt  of  the  sun's  light,  and  thus  cause  an  tclipat  of  tht  ran .-  onA  if  she 
IJ  new  eitlier  of  her  nodes  at  the  lime  of  full  moon,  she  may  piss  into  lh« 
ilndow  of  the  earth,  and  cause  an  eclipst  of  tht  moon.  In  a  similar  manner, 
*bm  tbe  moon  passes  between  an  observer  on  the  earth  and  a  Star,  it  is 
ttBed  ID  Otnllation  of  the  star.  The  instant  when  the  mimn's  limb  BrU 
rovers  tfce  ftar  ia  c-illed  the  Immersion,  and  the  moment  of  its  re-oppearancc 
ii  called  the  Emerwion.  When  Mercury  or  Venus  passes  between  the  sun 
aod  *B  ttbacrver.  and  appears  to  pass  over  Ihe  sun's  disk,  it  is  called  a  Tratail 
,  If  Venus.  Eclipses,  Occullations  and  Transits,  are  of  great  im- 
n  atcertaining  the  longitudes  of  plnccs  on  the  earth.  Eclipses  of 
uie  mood  fnmisb  a  convincing  proof  of  the  rotundity  of  the  earth,  since  the 
(hadow  of  the  earth,  seen  upon  Ihe  moon  when  eclipsed,  is  always  circular. 
TTii*  JB  &itbu  confirmed  by  the  appearance  of  objects  at  sea;  foe  when  a 
>ip  iimakiDp  towards  the  land,  the  mariners  first  descry  the  tops  of  steeples, 
V'jes,  fee  poiitlioc above  the  water;  the  tower  ports  being  hid,  by  reason  of 
\:r  aar»tatt  of  the  earth. 
The  earth  b  not  a  perfect  globe  or  sphere,  but  is  a  little  flatted  at  the  poles, 
■  L3g  oestriy  of  the  figure  of  an  oblate  spheriod,  the  equatorial  diameter  being 
'.nut  is  miles  longer  llian  the  polar:  but  since  (his  difference  bears  but  a  smaJI 
'iiipariaoD  to  the  whole  diameter,  we  may,  for  all  the  practical  purposes  of 
ii<i^tion,  consider  Ihe  earth  as  a  perfect  sphere,  as  will  he  done  in  the  rest 
vldni  woric     The  n:ituriil  divisions  of  the  eaKhwill  be  given  hereaner. 

Hum  bdic  neil  planet  (o  the  earth;  his  diameter  is  4180  milss,  his  dis- 
>*>((  frnm  the  sun  144  milliuns  of  miles,  and  his  periodic  revolution  ti  per> 
btBed  in  about  687  days.  He  revolves  round  his  aiis  in  (4  hours  40  mi- 
■Oa.a{i|iearir^  of  a  dusky  reddish  hue.  and  is  supposed  to  be  encompassed 
■illl  a  very  great  atmosphere. 

Bttwe«a  Mars  and  Jupiter  are  situated  the  four  latet}-  discovered  planets, 
^tM»,  Juno,  Pallas,  and  Ceres,  mmed  Asteroids  by  Doctor  Herschel.  The 
'wmta  of  Ibeir  orbits  have  not  been  accurately  ascertained,  but  are  nearly 
**>>  (be  following  description. 

Vbit*.  w«s  discovered  by  Doctor  Olbers  of  Bremen,  on  the  29th  of  March, 
lUI.  Itamean  distance  nam  tlic  sun  la  ahout  £05  millions  of  miles;  its 
("Wit  revolution  is  |i«rfiiru)cd  in  about  S  1-8  years, 

Joo.  was  discovered  by  Mr.  Harding,  of  Lilienthal  (near  Bremen)  on  the 
^<nt«f  September,  1801.  It  appears  like  a  star  of  the  eighth  magnitude. 
■^  tttWinfe  from  the  sun  is  about  Vt'j  millions  of  miles ;  its  periodic  revolu- 
'■^b  ptrfermed  in  1582  days.  The  inclination  of  its  orbit  to  the  ecliptic 
"if  M  and  the  eccentricity  of  the  orbitf  O.SS. 
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Pallas,  was  also  discovered  by  Dr.  Gibers,  March  £8, 1 802.  Its  diameter, 
according  to  Doctor  Hersciiel,  is  only  110  miles;  it  appears  like  a  star  of  the 
^eighth  magnitude.  Its  mean  distance  from  the  sun  is  about  266  millions  of 
miles.  Its  periodic  revolution  is  performed  in  1 683  days.  The  inclination  of 
its  orbit  to  tne  ecliptic  is  34^  39'  and  the  eccentricity  of  the  orbit  0.246S. 

Ceres,  was  discovered  by  Mr.  Piazzi  of  Palermo  on  the  first  of  January, 
1801.  Its  diameter,  according  to  Dr.  Herschel,  is  only  1 60  miles.  It  appears 
like  a  star  of  the  seventh  or  eighth  magnitude.  Its  distance  from  the  sun  is 
about  £66  millions  of  miles,  and  its  periodic  revolution  is  performed  in  1688 
days,  being  at  nearly  the  same  distance  from  the  sun  as  Pallas.  The  inclina- 
tion of  the  orbit  of  Ceres  to  the  ecliptic  is  10^  37'  and  the  eccentricity  0,097. 
The  situations  of  the  nodes  of  the  two  planets  Ceres  and  Pallas,  and  the  in- 
-clinations  of  their  orbits,  are  very  different  from  each  other,  so  that  when  those 
planets  are  in  the  same  plane,  they  are  at  a  great  distance  from  each  other,  not- 
withstanding their  mean  distances  from  the  sun  are  nearly  equal.  It  has  faeea 
supposed  by  some,  that  these  small  bodies  are  fragments  of  a  former  planet. 

Jupiter  is  situated  still  higher  in  the  system,  and  is  the  largest  of  dl  the 
planets,  being  easily  distinguished  from  them  by  his  peculiar  magnitude  and 
light.  His  diameter  is  89,170  miles,  his  distance  from  the  sun  490  minions 
of  miles,  and  the  time  of  his  periodic  revolution  is  433^  days.  Though 
Jupiter  is  the  largest  of  all  the  planets,  yet  his  diurnal  revolution  is  the 
swiftest,  being  only  9  hours  and  56  minutes. 

Jupiter  is  attended  by  four  satellites,  invisible  to  the  naked  cyci  but  throu|;h 
a  telescope  they  make  a  beautiful  appearance.  In  speaking  of  them,  we  dis- 
tinguish them  according  to  their  places,  into  the  first,  second,  and  so  on ;  by 
the  first  we  mean  that  which  is  nearest  to  the  planet.  The  appearance  of  these 
satellites  is  marked  in  the  Xllth.  page  of  the  Nautical  Almanac,  for  some  par- 
ticular hour  of  the  night;  tlie  times  when  they  are  eclipsed,  by  passing  mto 
the  shadow  of  Jupiter,  are  also  given  in  the  Nautical  Almanac;  these  eclipses 
are  of  considerable  use  in  determining  the  longitudf^s  of  places  on  the  earth. 

Before  the  discovery  of  the  planet  Uranus,  Satur:^  was  reckoned  the 
most  remote  planet  of  our  system.  He  shines  with  but  a  pale  and  feeble 
light.  His  diameter  is  79,042  miles,  his  distance  from  tlie  sun  900  millions 
of  miles,  and  his  periodic  revolution  in'  his  orbit  is  performed  in  about  20 
years  167  days.  This  planet  is  surrounded  with  a  broad  flat  ring,  has  a  diur- 
nal revolution  round  its  axis,  and  is  attended  by  seven  satellites. 

By  some  observations  made  by  Dr.  Herschel,  it  appeared  that  the  largest 
diameter  of  Saturn  corresponds  to  the  latitude  of  45^,  but  from  later  obser- 
vations he  has  been  induced  to  believe,  that  this  irregularity  is  owing  to  an 
optical  deception,  arising  from  the  refraction  of  the  light  in  passing  uirough 
the  atmosphere  of  the  ring. 

Uranus,  Herschel,  or  Georgium  Sidus,  is  the  most  remote  planet  of  our 
system.  It  was  discovered  in  the  year  17U1,  by  Dr.  Herschel,  though  it  had 
been  seen  several  times,  but  had  been  considered  as  a  fixed  star.  Its  diameter 
is  35,109  miles,  its  distinre  from  the  sun  1800  millions  of  miles^  and  its  pe- 
riodic revolution  in  its  orbit  is  performed  in  83^  years.  Dr.  Herschel  has 
also  discovered  six  satellites  attending  this  planet. 

The  astronomy  of  comets  is  yet  in  its  infancy.  Th<^  return  of  one  of 
them  in  the  year  1758  was  foretold  by  Dr.  Ilalley,  and  it  happened  nearly 
as  he  predicted.  He  also  foretold  tlie  return  of  ai* other  in  the  year  1700, 
but  it  never  appeared.  Tliis  was  owing  to  the  inaccuracy  of  the  observa- 
tions of  the  comet  at  its  former  appearance;  for  iMr.  Mechain,  having  col- 
lected all  the  observations,  and  calculated  the  orbit  again,  found  it  to  differ 
essentially  from  that  df^terniiiied  by  Dr.  Hjilley.  Olbi'r's  comet,  which  ap- 
peared in  1815,  lias  a  revulution  of  72  years;  and  Kiicke's  comet,  which  has 
been  observed  in  several  successivi^  approaches  to  tlie  perihelion,  completes 
its  revolution  in  the  short  period  of  1^04  days. 

Comets  move  round  the  sun  in  all  directions,  but  the  planets  »nd  satellites, 

except  one  of  the  satellites  of  Uranus,  move  from  west  tt)  east  when  seen 

D-om  the  sun;  hut  if  newed  from  luiy  oIIkt  of  the  planets,  as  the  earth,  they 

would  appear  to  revoUft  round  it  as  a  centre;  bul  U\t  lixiTv  vfo\M>»  VSafe  ^tvlv 

one  that  moved  uniformly  the  same  way,  for  t\ve  oVhet  vX^^'^^^^^^^X^*^'"'*- 
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times  iippctr  to  move  from  west  to  east,  and  then  to  stand  still;  then  they 
would  seem  to  move  from  east  to  west ;  and  after  standing  some  time,  they 
would  again  move  from  west  to  east ;  and  so  on  continually.  The  motion 
of  a  planet  from  west  to  east  is  called  the  direct  motion,  or  aeeording  to  the  • 
order  »ftkt  signs.  The  contrary  motion  from  east  to  west,  is  called  rttrogm^. 
When  the  planet  appears  to  stand  still,  it  is  said  to  be  staUtmary, 

To  illustrate  what  has  already  been  said  relative  to  the  motions  and  dis- 
tances of  the  planets  and  satellites,  we  have  given  the  adjoining  Plates  III. 
and  IV.  which  require  no  explanation. 

Iq  noting  the  situations  of  the  stars  and  planets,  astronomers  have  been 
under  the  necessity  of  imagining  various  lines  and  circles  on  the  sphere;  and 
geooaphers  have  done  the  same  for  fixing  the  situation  of  places  on  the 
earu.    The  most  remarkable  of  these  are  the  following. 

A  grtai  eircU  is  that  whose  plane  passes  through  the  centre  of  the  sphere; 
and  ^smali  circle  is  that  whose  plane  does  not  pass  through  that  centre. 

A  dameter  of  a  sphere,  perpendicular  to  any  great  circle,  is  called  the  axis 
of  that  circle ;  and  the  extremities  of  a  diameter  are  called  its  poUs.  Hence 
the  pole  of  a  great  circle  is  90^  from  every  point  of  it  upon  the  surface  of 
the  sphere;  but  as  the  axis  is  perpendicular  to  the  circle  when  it  is  perpen- 
dicular to  any  two  radii,  a  point  on  the  surface  of  a  sphere  90^  distant  nt>m 
uy  two  points  of  a  great  circle  will  be  the  pole. 

\D  angular  distances  on  the  surface  of  a  sphere,  to  an  eye  at  the  centrev 
are  measured  by  arcs  of  great  circles.  Hence  all  triangles  formed  upon  the 
surface  of  a  sphere,  for  the  solution  of  spherical  problems,  must  be  formed 
by  the  arcs  of  great  circles. 

Secondaries  to  a  great  circle  are  great  circles  which  pass  through  its  poles, 
and  consequently  must  be  perpendicular  to  their  great  circles. 

The  axis  of  the  earth  is  that  diameter  about  which  it  performs  its  diurnal 
motioD ;  and  the  extremities  of  this  diameter  are  called  the  poles. 

The  terrestrial  equator  is  a  great  circle  of  the  earth  perpendicular  to  its 
uis.  Hence  the  axis  and  poles  of  the  earth  are  the  axis  and  poles  of  its 
^(rnator.  That  half  of  the  earth  which  lies  on  the  side  of  the  equator,  in 
iniich  Europe  and  the  United  States  of  America  are  situated,  is  called  the 
wrtj^em  htmisphere^  and  the  other  the  southern ;  and  the  poles  are  respec- 
tiTehr  called  the  wtrth  and  south  poles. 

The  latitude  of  a  place  upon  the  earth's  surface  is  its  angular  distance  from 
the  equator,  measured  upon  a  secondary  to  it  These  secondaries  to  the 
cqoator  are  called  meridians. 

The  longitude  of  a  place  on  the  earth's  surface  is  an  arc  of  the  equator  in- 
tercepted between  the  meridian  passing  through  the  place,  and  another,  called 
thej&t<  meridian,  passing  through  that  place  from  which  you  fa^egin  to  mea- 
^t  or  it  is  the  angle  formed  at  the  pole  by  these  two  meridians.  The  Ame* 
ncaosuid  English  generally  place  the  first  meridian  at  London  or  Greenwich, 
the  French  place  it  at  Paris,  the  Spaniards  at  Cadiz;  some  Geographers  place 
itatTeneii^,  and  others  at  other  places.  Throughout  this  work  Greenwich 
^  be  reckoned  as  the  first  meridian.  The  longitude  is  counted  from  the 
te  meridian,  both  eastward  and  westward,  till  it  meets  at  the  same  meridian 
^  the  opposite  point ;  therefore  the  longitude  (and  also  the  difference  of 
^wptude  between  any  two  places)  can  never  exceed  I8OO. 

If  the  plane  of  tlie  terrestrial  equator  be  produced  to  the  sphere  of  tlie 
^^^  stars,  it  marks  out  a  circle  called  the  celestial  equator ;  and  if  the  axis 
pf}he  eartfi  be  produced  in  like  manner,  the  points  of  the  heavens,  to  which 
i^  is  produced,  are  called  poles,  being  the  poles  of  the  celestial  equator.  The 
^^f  nearest  to  each  pole  is  called  the  pole  star. 

Sceoodaries  to  the  celestial  equator  are  called  circles  of  declinatUm;  of 
these  24«  which  divide  the  equator  into  equal  parts,  each  containing  15^,  arc 
**Jted  iour  circles. 
Small  circles  parallel  to  tJle  celestial  equator  are  called  parallels  of  decli- 

iflflM  * 


^  sensible  horizon  is  that  circle  in  the  heavens  whose  plane  touches  the 
^^  U  the  spectator.    The  ratiorutl  horizon  is  a  great  circle  in  the  VieaivetM, 
Wo|  through  the  earth's  centre^  parallel  to  the  sensible  horizon. 
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If  the  radius  drawn  from  the  centre  of  the  earth  to  the  place  where  the 
spectator  itands  be  produced  both  ways  to  tlie  heavens,  the  pomt  Tertteal 
to  him  is  called  the  zmtfA,  and  the  point  t>ppos]te,  the  nadir.  Hence  the 
tifiiik  and  nadir  are  the  poles  of  the  rational  horizon. 

Secondaries  to  the  horizon  are  called  vertical  circles,  because  they  are  per- 
pendicular to  the  horizon.  On  these  circles,  therefore,  the  altitude  of  a 
hearenly  body  is  measured. 

The  secondary  common  to  the  celestial  equator,  and  the  horizon  of  any 
place,  is  the  celtstial  meridian  of  that  place.  This  meridian  corresponds  with 
the  terrestrial  meridian  of  the  same  place,  which  passes  through  tne  poles  of 
the  earth,  the  zenith  and  nadir  crossing  the  equator  at  ri^ht  angles,  and  cuttiK 
the  horizon  in  the  north  and  south  points ;  that  point  bemg  caJIed  north  iHiicE 
passes  through  the  north  pole,  and  the  opposite  direction  is  called  soMtlL  The 
vertical  circle  which  cuts  the  meridian  of  any  place  at  right  angles  is  called  tfie 
prime  vertical;  the  points  where  it  cuts  the  horizon  are  called  the  east  and 
west  points,  and  to  an  observer,  with  hb  face  directed  towards  the  south,  the 
eaH  point  will  be  to  his  left  hand,  and  the  west  to  his  right  hand.  Hence  the 
east  and  west  points  are  90^  distant  from  the  north  and  south.  These  Ibur 
are  called  the  cardinal  points.  The  meridian  of  any  place  divides  the  heavenfl 
into  two  hemispheres  lying  to  the  east  and  west ;  that  lying  to  the  east  is  called 
the  eastern  hemisphere,  and  the  other  the  western  hemisphere.  When  the  aim 
is  at  its  greatest  altitude  on  the  meridian  of  any  place,  it  is  noon  or  mid-day. 

The  azimuth  of  an  heavenly  body  is  its  distance  on  the  horizon,  when  re- 
ferred  to  it  by  a  secondary,  from  the  north  or  south  points.  The  oMiKfiafe 
Is  its  distance  from  the  east  or  west  points,  at  the  time  of  rising  or  setting. 

T^e  ecHptie  is  that  great  circle  in  the  heavens  which  the  sun  appears  to  de- 
scribe in  the  course  of  a  year.  The  ecliptic  and  equator,  being  great  circles, 
must  bisect  each  other,  ajid  their  angle  of  inclination  is  called  the  Miamiy  of 
the  eel^tie ;  and  the  points  where  they  intersect  are  called  the  equmocHat 
points*  The  times  wtien  the  sun  comes  to  these  points  are  called  the  e^iii- 
npxes.  The  ecliptic  is  divided  into  12  equal  parts,  called  signs ;— -viz.  Aries  T| 
Taurus  bt  Gemini  U,  Cancer  2d,  Leo  SI,  Virgo  ^D^,  Lioras^b,  Scorpio  ITI^ 
Sagittarius  /,  CapricomusrV3,  Aquarius  r::,  Pisces  ^.  The  order  or  these 
is  aeeording  to  the  apparent  motion  of  the  sun.  The  Arst  point  of  Aries 
coincides  with  one  of  the  equinoctial  points,  and  the  first  point  of  Libra  with 
the  other.  The  first  six  si^s  are  called  nnrthern,  lying  on  the  north  side  of 
the  equator;  and  the  last  six  are  called  southern,  lying  on  the  south  nde. 

The  zodiac  is  a  space  extending  eight  degrees  on  each  side  the  ediptie, 
within  which  the  motion  of  all  the  planets  b  contained,  except  the  newly 
discovered  planets. 

The  right  ascension  of  a  bod^  is  an  arc  of  the  equator  intercepted  between 
the  first  point  of  Aries  and  a  circle  of  declination  passing  through  the  body, 
measured  according  to  the  order  of  the  signs. 

Right  ascension  of  the  meridian  or  mid'heaven,  is  the  distance  of  the  meri- 
dian, from  the  first  point  of  Aries,  and  is  found  by  adding  the  apparent  time 
past  noon,  to  the  sun*s  right  ascension. 

The  ascensional  difference  of  any  object  is  the  difiercnce  bct^-cen  the  right 
ascension  of  the  object  and  that  point  of  the  equator  which  rises  or  sets  with  it. 

The  declination  of  a  star  or  any  celestial  object  is  its  angular  distance  from 
the  equator,  measured  upon  a  secondary  to  it  passing  through  the  object. 

The  longitude  of  a  star  or  any  celestial  object  is  an  arc  of  the  ecliptic  inter- 
cepted between  the  first  point  for  Aries  and  a  secondary  to  the  ecliptic  passing 
through  the  body,  measured  according  to  the  order  of  the  signs.— -If  the  ob- 
senrer  be  on  the  earth,  the  longitude  is  called  the  geocentric  longitude;  but  if 
seen  from  the  sun  it  is  called  the  heliocentric  longitude ;  tlic  body  in  each  caa^ 
being  referred  perpendicularly  to  the  ecliptic  in  a  plane  passing  through  the  eye. 

Nonagesimal  degree  of  the  ecliptic  is  its  highest  point  at  any  given  timff 
and  is  90^  from  the  points  where  the  ecliptic  intersects  the  horizon. 

The  latitude  of  a  star  or  any  celestial  object  is  its  angular  distance  from 
tlie  ecliptic,  measured  upon  a  secondary  to  it  drawn  through  tlie  body. — ^If 
the  bodv  be  observed  from  the  earth,  its  angular  distance  from  the  ecliptic  }s 
ca/Ied  the  groccntric  Mitude-,  hut  if  observed  from  the  ^un  It  j?calk^  the 
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htlioctnlrk  Utitude.    The  secondary  circle  drawn  pcrpendinilar  to  the  eclip- 
tic is  called  a  circle  of  latitude. 

The  trapies  are  two  parallels  of  declination  tfuicliiiio:  the  ecliptic.  One. 
touching  It  at  the  beginning  of  cancer,  is  called  the  tropic  of  cancer;  and  th<- 
other,  touching  it  at  the  be;;inning  of  raj»ricorn,  is  called  the  tropic  ofcapri- 
rom.  The  two  points,  where  the  trojucs  cut  the  ecliptic,  arc  call(*d  the 
folstitial  points. 

Colures  are  two  secondarien  to  the  celestial  equator,  one  passing  through 
the  equinoctial  points,  called  the  equinoctial  culuro :  and  the  other  passing 
through  the  solstiti.-il  points,  are  called  the  solstitial  colure.  The  times  whru 
the  bun  roines  tu  the  solstitial  points  an*  callrd  the  solsticf^s. 

Aherraiion  of  a  star  or  any  heavenly  bddy,  is  a  small  apparent  motion,  uc- 
rasioned  bv  the  progressive  velocity  of  light.  This  is  calculated  bv  meant 
of  TkWcs  XXXIX.  XLI.  or  XLIL 

Suiatian  is  a  small  apparent  motion  of  the  heavenly  bodies,  occasioned 
by  a  real  motion  of  the  earth*s  axis,  arising  from  the  attractions  of  the  sun 
and  moon  on  the  siiheroidal  form  of  the  earth.  The  elTect  of  this  on  th»? 
right  ascension  una  declination  is  given  in  Table  XLIII.  and  on  the  longitude 
in  T»hle  XL-  The  correction  in  this  last  Table  being  generally  called  the 
equation  of  the  equinoxes  in  longitude. 

Precession  of  the  tquinoctial  points  is  a  small  motion  of  about  00 f  per 
year,  occasioned  by  the  same  cause  as  the  nutation.  By  this  motion  the 
equiooctial  points  are  carried  backward  from  east  to  west;  consequently,  the 
heavenly  bodies  appear  to  move  forward  the  same  quantity  from  west  to 
east.  The  annual  variations  of  the  places  of  the  stars  from  precession,  and 
the  secular  equations  arising  from  the  change  of  the  earth's  orbit  by  the 
attraction  of  the  planets,  are  given  in  Tables  VIII.  and  XXXVII. 

The  arctic  and  antarctic  circles  are  two  parallels  of  declination,  the  former 
about  the  north,  and  the  latter  about  the  soutli  pole,  the  distance  of  whicli 
from  the  two  poles  is  equal  to  the  distance  of  the  tropics  from  the  equator, 
wliich  is  about  23^  28'.  These  are  also  called  polar  circles.  The  two  tropics 
and  two  polar  circles,  when  referred  to  the  earth,  dividn  it  into  five  parts. 
called  Tonts ;  the  two  parts  within  the  polar  circles  are  called  the  frigid 
zones;  the  two  parts  between  the  polar  circles  and  tropics  are  called  the 
Ifmprrafe  zones;  and  the  part  between  the  tropics  is  called  the  torrid  zone. 
Besides  the  imaginary  divisions  of  the  earth,  there  are  various  natural  divi- 
sions of  its  surface,  formed  by  nature,  such  as  continents,  oceans,  islands. 
was,  rivers,  be. 

A  Continent  is  a  large  tract  of  land,  wherein  are  several  empires,  kingdom «. 
and  countries  conjoined— as  Europe,  Asia,  Africa,  and  America. 

An  Island  is  a  part  of  the  earth  that  is  environed  or  encompassed  round 
by  the  sea.  as  Long  Island,  Block  Island,  &ic. 

A  Peninsula  is  a  portion  of  land  almost  surrounded  with  water,   save  one 
narrow  neck  which  joins  it  to  the  continent,  as  the  Morea. 

An  hthmus\<  a  narrow  neck  of  land  joining  a  peninsula  to  the  adjacent  land, 
y^^  which  the  people  may  pass  Ironi  one  to  the  other,  as  the  isthmus  of  Darien. 
A  Promontory  is  a  high  part  of  land  stretching  itself  into  the  sea,  the  ex- 
tremity of  which  is  called  a  Cape  or  Headland. 

A  Mountain  is  a  rising  part  of  dry  land,  over- topping  the  adjacent  coun- 
try, and  appearing  first  at  a  distance. 

Ad  Ocean  is  a  vast  collection  of  water,  separating  continents  from  one  ano- 

tW.and  washing  their  borders  or  shores,  as  the  Atlantic  and  Pacific  Oceans. 

A  Sea  is  part  of  the  ocean,  to  which  we  must  sail  through  some  strait,  as 

(Ik  Mediterranean  and  Baltic  seas.     This  term   is  sometimes  used  for  the 

whoit  body  of  salt  water  on  the  globe. 

A  Strait  is  a  narrow  |>art  of  the  ocean  lying  between  two  shores,  and  Open- 
TV a  way  into  some  sea,  as  the  Straits  of  Gibraltar  that  lead  into  the  Medi- 
^wnmean  Sea. 

A  Cmk  b  a  small  narrow  part  of  the  sea  or  river,  tliat  g<>es  up  but  a  little 
«aT  into  the  land. 
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A  Bay  is  a  great  inlet  of  the  land,  as  the  Bay  of  Biscay*  and  the  Bay  ol 
Mexico ;  otherwise  a  hay  is  a  station  or  road  for  ships  to  anchor  in* 

A  River  is  a  considerable  stream  of  water  issuing  out  of  one  or  variou: 
iiprings,  and  continually  gliding  along  in  one  or  more  channels,  till  it  dis 
charges  itself  into  the  ocean:  the  lesser  streams  are  called  rivulets. 

A  Lake  is  a  large  collection  of  waters  in  an  inland  place,  as  the  lakes  Sua 
porior  and  Huron  in  America. 

A  Gi/// is  a  part  of  the  ocean  orsoa,  nearly  surrounded  by  the  land,  excepi 
where  it  communicates  with  the  sea,  as  the  Gulf  of  Venice. 

Thus  we  have  given  the  most  useful  defniilions  of  Astronomy  aud  Geogra 
pliy,  and  to  assist  the  learner  there  is  also  given  Plate  V.  in  which  those  tema 
are  explained  at  one  view.  We  may  farther  observe,  that  as  the  latitud 
of  any  place  upon  the  earth  is  counted  from  the  equator  upon  an  arch  of  thi 
meridian,  the  diflVrcnce  of  latitude  between  two  places,  both  north,  or  hot ' 
south,  is  found  by  subtracting  the  less  latitude  fiom  the  greater ;  hvt  if  otc 
latitude  be  north,  and  the  other  south,  the  difference  is  found  by  adding  hotl 
latitutles  together. 

1 .  Consequently,  if  a  ship  in  north  latitude  sails  northerly,  or  in  south  latj 
tude  southerly,  she  increase's  her  latitude;  but  in  north  latitude  sailing  soutlj 
erly,  or  in  south  latitude  sailing  northerly,  she  decreases  her  latitude,  becaua 
she  sails  nearer  to  the  equator,  from  whence  the  latitude  is  reckoned. 

•2.  Wherefore,  in  north  latitude  sailine  northerly,  or  in  south  latitude  sailim 
Sfiutherly,  the  difffrcncf  of  latitude,  added  to  the  latitude  Uft,  gives  tht  latitude  m 

n.  In  north  latitude  sailing  southerly,  or  in  south  latitude  sailing  northerly 
the  difference  of  latitude,  subtracted  from  the  latitude  left,  gives  the  latitude  iw 

4.  ff'hen  the  latitude  decreases,  and  the  difference  of  latitude  is  greater  fft* 
the  latitude  sailed  from,  subtract  the  latitude  left  from  the  difference  of  latil 
and  the  remainder  trill  be  the  latitude  in,  but  of  a  different  name,  for  tt  isetidi 
m  this  case,  that  the  ship  has  crossed  the  equator., 

5.  The  difference  of  longitude  between  two  places,  being  I)oth  east  or  w< 
i<  found  by  subtracting  the  less  longitude  from  the  greater :  but  if  one  h 
fust  longitude  and  the  other  in  west,  their  sum  is  the  difference  of  longiii^ 
when  it  does  not  exceed  180^,  but  if  it  exceeds  180^,  that  sum  mustbesubtrac 
from  d60^,  and  the  remainder  will  be  the  difftrence  of  longitude. 

6.  Therefore  in  east  longitude  sailing  easterly,  or  in  irest  lon^tude  malm 
tcfsterly,  the  difftrence  of  longitude  added  to  the  longitude  left,  gives  the  Um  ^ 
tilde  in,  when  tluit  sum  does  not  exceed  180^;  but  if  it  exceeds  180^.  'tf 
•sum,  subtracted*  from  SCO'^,  leaves  the  longitude  in,  but  of  a  different  nkM 
from  that  U^ft. 

7.  In  east  longitude  sailing  westerly,  or  in  west  longitudf  sailing  easterly,  i 
difftrence  oflongitudt,  subtracted  from  the  longitude  left,  gives  the  longitude  i 
hut  when  the  difftrence  of  longitude  is  greatest,  the  longitude  left  must  be  wi* 
traded  from  that  difference,  and  the  remainder  will  be  the  longitude  in,  but  oj 
different  nanu  from  the  longitude  left. 

What  has  been  said  will  l>e  rendered  familiar  to  the  learner  by  the  follow  ii 
examples. 

Exam.  I.    Wliat  ii  the  difference  of  latitude 

between  Boston,  in  the  latitude  of  42^  23' 

N.  and  Richmond  (Virginia)  in  the  lat 

ofsr  SCN.? 
From  Bostoo^s  lat  42^  23'  N. 

Subtract  Kiclimond's  lat  37    30    N. 


Remains  the  difl*.  of  lat 


In  Miles 


4    53 
60 


293 


Exam.  II.    A  ship  from  latitude  59^  27' 

sails  southward  until  her  diflerence 

latitude  b  374  miles ;  what  latitude  is  ' 

come  to? 

Latitude  saUed  from  59^  %r  £ 

DiiOr.  of  lat  374-^60=  6    14    ^ 


Lat  in 


65 


41    £ 


*  In  titb  rale  ii  if  nippowU,  Uiat  Uie  sum  of  the  lon|;iliide  left,  and  the  diflereiMe  of  kmgltiide,  !•  ^ 
than  rit»*,  which  if  nlways  the  ease  when  the  dUTerence  of  longitude  is  less  than  180*,  which  nc  I^ 
i;vii'^rall>  •up^rfncU  to  be  ibe  case  in  these  rules. 
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Ex.  III.    Required  the  difierence  of  latitude 

between  Georgetown  and  Cape  Frio  ? 
^eorgetowfB  lat.  33^  25'  N. 

Cape  Frio's  lat.  23      1   S. 


DifT.  of  lat. 


56  24 
60 


Ei.  IV.    A  ship  from  latitude  2S^  25'  N. 

sails  south  1800  miles ;  what  latitude  is 

she  in? 
From  difl*.  of  hit  1600  miles,  or  30^  00'  S. 
Sub.  lat  left  2d    25  N. 


Diff.  =  lat  in 


1    :;.»  s. 


InmOes  3384 

In  the  last  example  it  is  erident  that  as  the  difierence  of  latitude  is  mor*- 
than  the  latitude  left,  the  ship  must  have  crossed  the  equator,  and  conse- 
quently come  into  south  latitude. 

Note.  When  one  of  the  places  has  no  latitude,  or  is  on  the  equator,  the 
latitude  of  the  other  place  is  their  difierence  of  latitude. 


Ex.  V.  IVhat  is  the  difference  vf  longitude 
hetween  Cape  Ann  light-house  and  Lis- 
bon? 

Cape  Ann  ligfat-house's  long.    70^  34'  W. 

lisbcm's  long.  9      9  W. 

ofkmg.  61    25 

60 


3685 


In  miles 

£];.  >1I.     ^Miat  is  the  difference  of  longi- 
tude between  Barcelona  and  Salem  7 
Barcelona's  long.  2^  12'  E. 

Salem^slong.  70    52  W. 


Ex.  VI.  A  ship  from  Cape  Charles,  in 
Virginia,  sails  eastward  till  her  differences 
of  longitude  is  400  miles ;  what  longitude 
is  she  in  ? 

Cape  Charles*  long. 

Dili:  of  long.  400  miles  = 


760  04'  W. 
6    40  E. 


Long,  in 


69    24  W 


Diffl  of  long. 


73      4  W. 


Ex.  VL  What  is  the  difference  of  longi- 
tude between  Manilla  and  New- York 
light-house  ? 

Manilla's  long.  121^  02'  E. 

New- York  li^t-house  74    01  W. 


Sum  exceed  J  180^ 
Subtract  it  from 

Dm  of  long. 


195    03 
360    00 

164    57 


Ex.  VIII.  A  ship  from  15^  40'  E.  long, 
saib  westward  till  her  diff.  of  long,  is 
27-  15',  what  longitude  is  she  in? 

Long,  left  15"^40'E. 

Diff  of  long.  27     15  W. 

Long,  in  11    35  W. 

Ex.  X.  A  ship  from  lon«ritude  160^  20*  W. 
sails  westward  until  she  differs  her  longi- 
tude 41-  20';  what  longitude  is  she  in? 

160'  20' W. 
41     20  W. 


Long.  \ti\. 
Diff.  of  long. 


I^ng.  in 


201     40 
360    00 

!:«»    20  E. 


In  the  last  example  the  ship  has  crossed  the  oppo&Ite  meridian,  and  fiifp- 
r«jre  has  come  into  :t  longitude  of  a  different  name. 


PLA?iE   SAILING. 

PLVNH  SAILING  is  the  art  of  navigating  a  ship  upon  principles  deduce'd 
fnimthe  supposition  of  the  earth^s  l>eing  an  extended  plane,  on  which  the 
"leridians  are  all  parallel  to  each  other.*  A  map  of  the  sevenil  parts  of  the 
*'^^.  constructed  n|K>n  these  principles,  is  called  a  Plane  Chart.  When 
1^  parts  of  the  earth  arc  thus  deluicated  on  a  plane,  it  is  eai^y  to  see  the  truck 
"J  ^hich  a  ship  may  go  from  one  place  to  another,  and  also  what  angle  this 
^^k  makes  with  the  meridian. f  Ships  at  sea  are  kept  in  this  track  hy  mean"* 
^f  ^  instrument  called  the  mariner's  compass. 

The  Mari!«er*3  Compass  Lsan  artificial  representation  of  the  horizon  of  any 
PW  It  consists  of  a  circular  piece  of  paper  (see  Plate  VI.  &^.  1)  called  a 
^^  divided  (like  the  horizon)  into  S60  degrees  or  32  points.  This  is  Axed  on 
^  V^  of  steeU  called  a  needle,  to  which  the  magnetic  virtue  has  been  com- 
'^^'nicated  by  means  of  a  loadstone,  which  has  the  property  of  pointing  steadily 
toirards  the  north,  and  canning  the  card  with  it,  when  turning  freely  on 
•  pi^ot  or  any  thing  to  support  it.    Thus  all  the  points  of  the  card  wiU  be 

*  Tbe  explaitttioQ*  of  PUoe  Sailing,  and  ibe  definttlonfl  of  Uiis  page  (aiMi  in  tlie  runner  edUioiM  iif  tt» 
f^.. .    -. .     -*_. —  .    w-  „   jjj  uj  practioil  Navisauir;  by  Robertfon  in  »< 


]^?^)tte  warty  the  <aine  ast  Ume  given  by  Moore,  in  hii 
•••■U  of  Havlalkm,  and  by  moM  writer*  on  Narigalkm. 
^■W  Method  or  calcolaiiog  tills  angle  ob  tiie  One  priadpl 


■  calcolaiing 

**^.%IU  hecivea  Iwreafter. 


priadplct  of  ailing  on  (ht  fphcrical  ■ttc^s^.o^i  t\lK 


.'^ 


PLANE    SAILING. 


d  Tubis  uj  tfte,'infi^lta  tchich  evtnj  Point  of  the  Vompans 
maktJi  \rUh  iht  JSferidiav. 


Norlli. 


N.  bv  K. 


South. 


N.  N.  E. 


N.K.hyN. 


S.  by  E. 


S.  JS.  E. 


S.  E.  bv  S. 


N.  E. 


N.E.  bvE. 


S.E.byE. 


E.  N.  E. 


E.  bv  N. 


S.  E. 


K*  N«  r<> 


I'oint.jD.M. 


North. 


South. 


Hirertcd  towards  tlujir  corresponding  points  of  1 1  it*,  horizon,^  roiiscqiienlly,  hy 
h<*Ij»  of  thr  compass  a  ship  may  bo  kej>t  in  any  proposed  trar.k  or  rniirHf. 

Tin*.  CoirR3K  is  iho  an{;lu  nliirli  tho  line*  dr^cribrd  by  :i  ship  makrs  ivith 
tho  miTidian,  hf;in^  sometimrs  rcckontMl  in  piunts,  half  ]»oints,  &.c.  and 
.snm<"tim«\s  in  di-jcrri's. 

DisTANCK  is  thr  way  or  h'nj^tii  a  ship  ha«<  gone*  on  a  dirrrt  conrsp  in  a 
jrivi'ii  tirni'.  Thf  mf:lh{)d  of  nirasuriiij;  this  distance  l»y  the  log  will  be  o\- 
j»lainrd  hiTrafttT. 

J)iFKKRi:.\rK  OF  Latitl'dk  is  the  distance  which  the  ship  has  made  nonh 
r»r  MKith  of  the  place  giiiled  from,  or  llie  portion  ofthi^  meridian  contained 
IiflwtM'n  the  parallels  of  latiliidr  Fai!;'d  from  and  come  to. 

Dkpartubk  i.-'  th(r  east  or  west  distance  a  ship  has  made  from  the  meri- 
dkm,  or  the  w  hole  eastin;;  or  westinj^  made  by  the  ship. 

If  a  shij)  sails  due  north  or  south,  she  sails  on  a  m«'ridiaTi,  makes  no  de- 
parture, and  her  distance  and  dill'erenci*  of  latitude  are  the  same.  If  slie 
^ails  due  east  or  west,  she  goes  on  a  parallel  of  latitude,  makes  no  difTerenc*: 
of  latitude,  and  her  departure  and  distance  are  the  same. 

The  difterence  of  latitude'  and  departure  make  the  Ie;rs  of  a  right-angled 
triangle,  the  iiypotenuse  of  which  is  the  dii-'lMiicc  lh«' sliip  has  sailed;  the  piT- 
pendicubtr  is  the  difterence  of  Iatitu<le  counted  on  th<*  meridian:  the  haw  is 
the  departure,  which  i.s  easting  or  wesiiu;:  rou.ited  from  the  meridian;  the 
angle  opposite  to  the  base  isti  e  course,  or  angle,  that  the  ship  makes  with  the 
meridian  :  and  the  anj;;le  oppo^te  the  perpendicular  i^  theccnnplementof  the 
cours<'.  which  being  taken  top:ether,  make  always  8  points  or  90  degrees. 

In  constnicting  figures  n-buing  to  a  ship's  course,  let  tlie  upper  part  of  the 
paper,  or  what  the  fijrure  is  dn?wn  upon,  always  represent  the  north;  th«* 
Inner  part  will  be  the  south ;  the 
r iglit  hand  east,  and  the  led  ux.^t. 

Draw  the  north  and  south  line 
to  represent  the  meridian  of  thr 
place  the  ship  sails  from ;  then,  if 
(he  ship's  course  is  to  the  south- 
^\'ard,  mark  the  upper  end  of  the 
line  for  the  place  sailed  from  ;  but 
if  the  course  is  northward,  mark 
the  lower  end  for  that  placi:. 

AVhcn  the  course  is  easterly, 
describe  the  arch,  and  lay  ofl'  the 
eoursc  and  departure  on  the  right 
band  .«ide  of  the  meridian ;  but 
when  westerly,  on  IcA  hand  side. 

UTicn  the  course  is  given  in  de- 
;nvcs,  they  must  be  taken  fW>m 
the  line  of  chords ;  but  when  in 
pnint<«,  from  the  line  of  rhumbs, 
and  must  always  be  laid  off  upon 
the  arch,  beginning  at  the  men- 
dian. 

When  the  course  is  given  in 
points,  the  I(^-sinc,  log.  eo-sine, 
&e.  may  he  found  in  Table  XXV. 
otherwise  in  Tabic  XXVII. 

In  all  cases,  where  the  comple- 
ment of  eoume,  or  co-sine,  &e.  is 
u^ed,  the  degrees  or  point*  put 
down,  are  the  course  itself,  but  the 
logarithms  belonging  to  the  com- 
plement or  co-sine,  &c.  of  that 
course  are  taken. 


u 

2i  : -25.191 


;  r..37 

j  14.  4 

16.52 
.  19.41 

22.3(;;N.N.W. 


2S. 

.30.56 

33.45 

^  ;,36.:34 
31  I  39.22 
si    43.11 


E.  bv  S. 


Kast. 


4_ 

^ 

4i 

5 

54 
6^ 
H 

H 

s 


45.  0 


NW.bvN. 


N.  W. 


47.49 
50.37 
5.3.26 

59.  4 
61.52 
64.41 
67.30!  W.N.W. 


mv.byw. 


70.19 

M.J  M 

75.56 

78.45 


SI. 34 
84.22 
87.11 
90.  0 


W.  bv  N. 


S.  by  W 


S.  S.  V 


S.W.b^ 


:.-    S 


s.  wr^ 


SW.  br  ^^ 

•       III 


\v.  s. 


w.  bv-  =: 


West. 


*  It  b  hen  nifipofefi  ihmt  tbr  needle  points  to  the  true  north,  hiit  ir  it  varici  iberefrom, 
«ii5f  ftp  tawle  for  the  variation  by  the  Tules  whicVi  w\\\  be  «'ivet\  w  tWv*  ^<;tk. 


I'LA.VE  SAILING. 

/ii  ibt  folhnrhig  Tiiblr.  Ihr  rulttfor  tolvinif  tht  tiniuus  a. 
art  calbcltd. 
PI.ASK  SAILI.VG. 


'     '    itaiK-^-r- 

i..n.  .11  L*i. 

Ii-JT  u  L-r. 

n-ir?.rfui. 

Bb.1.    ■     Ili.I.    :     ;     Sill-  tnw*  :     IlrpWlatr. 

■    .th^-f  ui 

l;»J'''w^'^^. Liit^?^'t"w<iSi  r  itoiisii;* 

_   ,    .  ceom  •■■rt 

li.l<u<    :    [Viwmrc    =    ;    CoH«B.f.Mir«    ;    liW.  L.i. 

;   *       WTifLil. 

Biitiat   >    lll<up«    :   :    filnrt-uivH    ;    Prfjinurr. 

li;«>D«    ;    ha>.!»   ;    I    Urimnorr    ;    Sinr  L-unr. 

^  ^^;;:j^. 

fn>»li»    r     Kf-LM.    :     :     B™™cn™     :     l.i.U..f.. 

CASE  I. 
■-»«  anJ  diitance  roiliil  pirin.   lo  fnd  the  difftrtnct  of  laliludt  and  dtpof- 

tunfrom  tht  miridiim. 
•4ijifrom  thi>  hlititde  of  in'J  s;'S.  sails  S.  AV.  by  W-  4BC  mUes;  i«*{iitreil 
!.-!:!ii:'le  *hf  i--  in.  ntnl  kiT  dcpaifiirc  from  Iho  meridian  sailed  Arom  ? 
BY  PJtOJCCTIOX. 


Praw  iht  line  C\  to  irpn-f-nl  iLf  rocriilian  of  Ihc  pla<-c  C,  from  wlitnct  Ihe  nhip 
-<r..-.  .1.     With  Ihr  cLord  of  Wt"  in  joi.r  compa.wj,  ami  .mc  foci  in  Cm  %  train,  dc- 
*.-r.-  ■  tb*  romraH  N.  W.  S.  E.     Tnlc  S  p'linti   in   jcur  fompaiacs  from  the  line  of 
rii'ioi*"  on  the  plane  leaJe,  and  »i-t  it  off  on  Ih-  .-rcb  f.-nm  S.  tonirUs  W.  for  Ibe  fonn.- ; 
ti.TOBrfi  this  point  and  C  .Imw  Ihc  line  CB,  which  make  cqnaltolhc  distance -ISS  :dr»«- 
»  K  nni<c[  lo  Ih'  E.  and  W.  poinU  W.  K.  to  cit  Ite  meridian  in  A.    Thtn  will  (-A  be 
die  diflcrenrc  of  htif.idcSTI.I,  and  AB  tlw  departure  103.?. 
BV  LOGARITHMS, 
By  maliing  tlic  diilanrt  radius. 
To  find  the  departure.  !        To  find  the  difference  of  l«'<un'- ^„ 

A^  ndtai  9  poinU  10.00000  ;  A.  radiu.  8  pomU  '""^S. 

li  to  tta  (Kitoace  488  8.6884!  '  l<  lo  On  distance  488  I'^Z*, 

£o  i)  Ae  sue  coorie  5  poinli        9.91985  j  So  is  eo-sine  eourae  S  poind  t.li*'* 

To  the  ^aitare  403.B  «,608ST  '  To  Ihe  diffeirnee  of  ial.  STl-l     _,''*3''* 

V««  aatbTtkm  b  in  notlk  latitude  Milini  uulherij  ;  fh>m  the  latitude  led    49   ST  H. 
Take  Die  difference  of  Utitnie  8nA=*  U   ft. 
GiveBthelaliludcinlS  V>  T^ 
And  At  Ji/mttn  San  tie  meHiua  k  405.S  miles. 


<»  ULANE  SAIUXtf: 

BY  GUNTKR. 

Kxfcii<i  frotn  radius  or  ft  points*  to  .'»  points  on  thr  lino  markod  SR:  that 
f*.vtont  ^'ill  n'ach  from  the  distancii  -lUB  to  ihc  departure  405.8  on  the  line  of 
iininlier:<. 

'-^dly.  Evtrndfroni  radius  or  U  points  to  8  points,  the  complement  of  thr 
ronrsf,  on  the  line  SR ;  that  extent  will  roach  iVom  the  distance  488  to  the 
difference  of  latitude  -siTl  on  the  line  of  numhers. 

Thits  may  all  the  operations  be  performed  in  the  several  cases  of  Naviga- 
tion. 

Ry  this  case  are  calculated  the  tables  of  latitude  and  departure  (Tables  I. 
and  II.)  for  every  degree,  point,  and  quarter  point  of  the  mariner's  compasH, 
to  the  distance,  of  800  miles.  By  the  inspection  of  these  Tables,  a  day's 
ivork  may  l>e  calculated  in  a  much  more  expeditious  manner  than  by  loga- 
rithms or  by  (Timter's  Scale.  In  consequence  of  thi>»,  the  method  by  inspec- 
tion is  i;enerally  us4?d  at  sea  in  preference  to  every  other  method. 

BY  INSPECTION. 

Find  the  given  course  at  the  top  or  bottom  of  the  tables,  either  among  the 
points  or  (lp)i;ree8,  and  in  that  pa^e,  against  the  distance  taken  in  its  columQ, 
>vill  stand  tlie  difference  of  latllude  and  departure  in  their  columns.f 

It  must  be  observed,  that  in  using  these  tables,  the  names  Dist.  Lat.  Dep. 
iTiusI  l)e  foinid  at  the  top  if  the  course  is  found  there,  but  if  the  course  is 
found  at  the  Imttom,  those  names  must  be  found  at  the  bottom. 

Thus  the  <'ourse  S.  W.  by  W.  or  f>  points,  is  found  at  the  bottom  of  the 
Table  of  difference  of  latitude  and  de))arture  for  points ;  and  as  the  distance 
4o}J  is  too  great  to  bi-  ftunid  in  the  tabh'S.  divide  it  by  C  (or  any  other  conve* 
nient  number)  andtliat  ^ives  ^214,  which  look  for  in  the  distance  column,  and 
igain<;t  it  stand  l.ij.r)  for  the  difiVrence  of  latitude,  and  2i)Z.9  for  the  deiiar- 
Ture.  which  lieing  doubled  (liecause  divided  by  i)  give  i7l  for  the  difference 
of  latitude,  and  U^j.^i  lor  the  departure,  llie  same  as  lu'fore. 

C  ASE  II. 

i^our.t'  trml  (////eroicf  of  latitude  fcivifu  to  find  the  distance  run,  and  departarr 

from  th(  mt  rid  inn, 

U  a  ship  runs  S.  E.  by  E.  from  1^  i:>'  north  latitude,  and  then  by  ob.ser%'a- 
;u"U  is  in  i!^  !»»'  south  latitude,  what  is  her  distance  and  departure? 

Jn  this  ease,  as  the  ship  has  crossed  the  equator,  the  sum  of  the  two  lati- 
ffivies  1     4J'and  -2'  UV  is  the  diffvTcnee  of  latitude  4^  Sl'=^71  miles. 

B 
BY   PROJECTION. 


1- 
l>r.ii\    IU't='271,   and  BA   making  .in  "| 


jiigle  with  HC  eipiul  to  l!!ec(»urse.'»  points,  c 
♦•r  ,*tv^    1;V;draw    V\   piTpeiidirular    ti»  ^ — 
l*('  lo  cut  \\\  in  A,  audit   is  dune;  forj^ 
I' A  \\\\\  be  the  departures  iOC.  and  ABi^ 
Ii»e  dif«l;uicer:L  lii:«. 

C 


BY  I.OtlAUmiMS. 

By  luakiiijj  ilifl".  nf  lat.  \\r  r;i,liii'«.  By  makiujc  Ihc  Dep.  AB  ra'Uu«.t 

To  tJiiil  the  ilt'))ttr(ui*e.  To  fiiul  tLe  distance. 

X"  r.uliiK  1  poiiK.i  IO.O(:0iVi  As  co-nine  course  .?  points  9.74474 

U  \o  ititr.  of  l:il.  '27 \  v>.41-JM7  Is  to  the  thlf.  ol'  bt.  *i7l  2.43297 

Nil  it  iari}«.  i'imi>r  .'»  !»!?«.  10.17;"»1 1  So  is  m(Iiu>  10.00009 

•J\i  tlie  ilri»:irCiin*  l<)."».i»  2.6nSi>*J  To  the  ilislanrp  4'*7.S  2.68823 


'H  mukini;  110   nuiiun  >im  Moukl  Yihvt  Bad.    :    IViff  Idl      .    :     SfT«nl  Courw    :    INftncc  but 
-^u»  lAoukl  luil  Jo  (or  a  roniuinn  »va'ir  vn  m  hk\*»  tkrrr  t«  \n  IIYip  t>f  s^antf.    The  cune  tbln;  ii  !•> 
;ncd  In  Uir  foUuwin^  >  .inn. 


PLANE  SAILIMV. 


jj 


^  Hence  the  ship^s  distance  run  is  487.8  miles,   and  her  departure  f)rom  the 
meridian  is  405.6  easterly. 

BY  GUNTER. 

Extend  from  radius  or  4  points  to  the  course  5  points  on  the  line  marked 
TRi  that  extent  yr\\  reach  from  the  difference  of  latitude  271  to  the  depar- 
ture 405.6  on  the  line  of  numbers. 

Idly.  Extend  from  the  complement  of  the  course  3  points  to  the  radius  8 
£oinC5  op  the  line  SR,  that  extent  will  reach  from  the  difference  of  latitude 
971  to  the  distance  488  on  the  line  of  numbers. 

BY  INSPECTION. 

Find  the  course  among  the  points  or  degrees,  and  the  difference  of  latf- 
tiide  in  its  column,  against  which  will  stand  the  distance  and  departure  in 
their  columns. 

Now,  as  the  difference  of  latitude  271  is  two  great  to  be  found  in  the  tables, 
I  divide  it  by  2,  and  that  gives  135.5  which  I  find  over  S.  E.  by  £.  or  5 
points  in  the  latitude  column ;  against  that  stand  244,  for  the  distance,  and 
f02.9  for  the  departure,  which  multiplied  by  2  give  the  distance  488,  and  the 
departure  405.8. 

CASE  m. 

Coirrje  and  departure  from  the  meridian  givea,  U  find  the  distance  and  dif- 

Jhrence  of  latitude. 

If  a  ship  sails  N.  E-  by  E.  i  E.  from  a  port  in  9^  15'  south  latitude,  until 
she  depart  from  her  first  meridian  406  miles,  I  demand  the  distance  sailed 
and  the  latitude  she  is  in  ? 

BY  PROJECTION. 

Draw  the  meridian  AB,  upon  wliich   B 
erect  the  perpendicular  BC,  and  set  off 
thereon  the  aenarture  406  easterly  from  "^ 
B  to  C :  with  the  chord  of  60^,  on  C  as  a  ^3  . 
centre,  describe  an  arch,    and  set  off|^'  ^ 
thereon  the  complement  of  the  course^ 

DE;  through  D  and  C  draw  the  line 

CD  A,  cutting  the  meridian  in  the  point    A 

A:  then  AC  measured  on  the  same  scale  before  used,  gives  the  distance  441'. 

and  AB  19s!,  the  difference  of  latitude. 


Dep.  406  E.  C 


BY  LOGARITHMS. 

By  Baking  the  departure  BC  radios.  iBy  makiag  the  distance  AC  radius. 

As  ndhis  4  points  1 0. 00000 j. is  sine  course  5^  pts. 


h  tD  the  departure  406 
So  u  co-tang,  course  5|  pts. 


9.95616 


2.60853 
9.67483 


2.28336 


To  tke  diff.  of  lat.  192 

^  the  latitude  left 

^<>btnct  the  difference  of  latitude  192  miles,  or 


Is  to  the  departure  406 
So  is  radius 

To  the  distance  449,1 


2.6085:^ 

lo.ooooe 

2.65237 

30  15'  ». 
3    12   N. 

0      3   S. 


^  remainder  being  3,  shows  the  ship  is  in  the  latitude  of 

BY  GUNTER. 

£itend  from  radius  or  4  points  to  the  co-course  H  points  on  the  line 
'^ed  TR;  that  extent  will  reach  from  the  departure  406  to  the  difference 
^'latitude  192  on  the  line  of  numbers. 

Sdly.  Extend  from  the  course  5)  points  to  radius  on  the  sines,  that  extenf 
^  reach  from  the  departiu^  406  to  the  distance  449  miles  on  the  line  of 

BY  INSPECTION. 

.  Fbd  the  course  either  among  the  points  or  degreea,  and  the  dcjfiarture  in 
^  colnmn,  agauist  which  will  stand  the  distance  and  difference  of  latitude  in 
"^  respective  columns. 


:>o 


PLANE   SAILLNO. 


Thus  with  the  course  5.^  points,  and  half  the  departure  203*  I  find  2sll.r» 
for  the  disliime,  and  96.0  for  tho  diffiTencc  of  latitude,  whidi,  beinp;  doubled. 
give  the  distance  449,  and  the  difference  of  latitude  192.0,  as  before. 

CASE  IV. 

Distance  and  difference  of  latitude  given,  to  find  the  course  and  departure. 

Suppose  a  ship  sails  488  milr.s,  between  the  south  and  the  east,  from  a  port 
in  2P  52'  south  latitude,  and  then  by  observation  is  in  7^  23'  south  latitude; 
what  course  has  she  steered,  and  what  departure  has  she  made? 

From  the  latitude  by  obser>  ation  7^  23'  take  2^  52'  the  latitude  left,  the  re- 
hiainder  4^  3r=271  miles,  is  the  difference  of  latitude. 

BY  PROJECTION. 

A 
Draw  the  meridian  AB=271 ;  upon  which  erect  -^ 
the  perpendicular  EC  ;  take  488  in  your  compasses,  o< ' 
and  with  one  foot  on  A,  as  a  centre,  describe  an  ^       ^ 
arch  cutting  BC  in  C ;  join  A  and  C ;   then  will  i^  |_^  ^ 
BC  be  the  departure  406,  and  the  angle  BAC  the  j^ 
course =56°  16'  or  (i\e  points  nearly.  j^ 

BY  LOGARITHMS. 

To  find  the  course.  I  To  find  the  departure. 

As  the  distance  48S  9.68843-Af  radius  10.00000 

U  to  radius  lO.OOOOOils  to  the  distance  48S  8.68849 

So  is  the  diff.  of  lat.  271  S.43297  So  is  sine  course  5^^  16'  9.91993 


To  ce-sine  eoursc  ofP  16' 


9.74455 


To  the  departure  405.8 


8.60933 


Hence  the  course  is  S.  E.  by  E.  and  the  departure  405.8. 


BY  GUNTER. 

The  extent  from  the  distance  488,  to  the  difference  of  latitude  271  on  the 
luic  of  numbers,  will  reach  from  radius,  or  90^  to  33^  44',  the  co-course  on 
the  line  of  sines. 

And  the  extent  from  radius,  to  56^  16'  on  the  line  of  sines,  will  reach  from 
the  distance  488  to  the  departure  405.8  on  the  line  of  numbers. 

BY  INSPECTION. 

Seek  in  the  tables  till  a{;ainst  the  distince  taken  in  its  column  is  /bund  tliP 
civeu  difference  of  latitude  in  one  of  the  following  columns,  adjoining  to  it 
will  stand  the  departure ;  which,  if  less  than  the  difference  of  latitude,  the 
course  is  to  be  found  at  the  top  ;f  but  if  greater,  the  course  is  to  be  found 
at  the  bottom, 

Thus  half  the  distance  244,  and  half  the  difference  of  latitude  135.5,  are 
Tound  to  correspond  to  a  course  of  5  points  or  S.  E.  b.  E.  and  to  the  de- 
parture a0£.9,  which  being  doubled,  gives  405.8,  as  before. 

CASE  V. 

Distance  and  departure  given,  to  find  the  course  ami  difference  of  latitude. 

Suppose  a  ship  sails  488  miles  between  the  north  and  west,  from  the  lati- 
tude of  82^  £5'  north,  until  her  departure  is  400  miles,  what  course  has  she 
steered,  and  what  latitude  is  she  in? 


*  The  nearest  nnniberi  In  the  table  are  -J02^  and  203.4,  and  a«  the  number  203  b  nearly  a  mmn  of 
these  two  values  I  take  the  mean  224.5  of  the  corm(pondio(;  fiistanres  224,  225.  and  the  mean  96  of  Ibe 
cormpondinu  departures  95.8  and  96.2;  these  doubled  give  the  true  distance  440,  and  de|>arture  192. 

t  It  inaj  nUn  be  kmiwn  whether  the  course  be  marked  at  (be  top  or  buttom  of  the  table,  by  obMniof 
wlietber  the  dlffVi<em»  of  bitltude  and  departniv  corrapood  with  the  raarki  at  the  top  or  bononu 
TlMt9  Ibe  half  distwMW  SM,  and  half  dUTcrence  of  laitltudo  135.5  corre*pond  tn  the  oourte5  points bocauM* 
Ifae  column  in  which  13it^  is  found,  it  marked  latitude  at  the  bottom ;  ibe  same  may  be  obMnvd  ia  Ike 
toliOHrin;  Qa«p5. 


PLANE   SAILIM;. 


;»/ 


BY  PROJECTION. 


Dsp.   4t»."i.       15 
—  ■■  -     1 — 


Draw  the  line  AB  equal  to  th«;  departure  405. 
and  perpcDdicular  tliereto   the  1in(<!  BC  to  repre-A? 
sent  the  meridian,  then  take  the  distance  4&8  in       ^^ 
TOUT  compasses,  and  fixing  one  foot  in  A  as  a  cen-  '^J^^  /  r\ 

in,  describe  an  arch  cutting  BC  in  C.  join  AC  and  ^"^^  ^^ 

It  is  done :  for  the  angle  ACB  will  be  the  course,  ^^ 

BC  the  difference  of  latitude. 


BY  LOGARITHMS. 


'^-•? 


(' 


I         To  find  ihc  diflferencc  of  latitude. 
S.  6S842  As  radius  i  O.iKKkM} 

10.00000  Is  to  the  distance  4dS  2.6S8^.* 


2.60746  So  is  co-sinc  course  56'  6' 


9.74644 


To  find  the  coune. 
As  the  distance  488 
Is  toradias 
So  is  the  dqiartuic  405 

To  the  sine  of  course  56-  e  9.91904  To  the  diff.  of  laUtude  272,2  2.4348b 

Hence  the  cx>ur9e  is  N.  SC^  6'  tV.  or  N.  W.  by  W.  nearly. 

To  the  latitude  sailed  from'9£0  £5'  add  the  difference  of  latitude  :272.  or 
4°  Sf,  the  sum  d6^  57'  is  the  latitude  the  ship  is  in. 

BY  GUNTER. 

Extend  from  the  distance  488  to  the  departure  405  on  the  line  of  number>, 
fhat  extent  will  reach  from  radius  to  the  course  56^  B'  on  the  line  of  sines. 

Sdly.  Extend  firom  radius  to  the  complement  of  the  course  33^  54'  on 
the  fine  of  sines,  that  extent  vrill  reach  from  the  distance  488  to  the  diflVr*- 
«nce  of  latitude  273  on  the  line  of  numbers. 

BY  INSPECTION. 

Seek  in  the  tables  till  against  the  distance,  taken  in  its  column,  is  found  thi- 
given  departure  in  one  of  the  following  columns :  adjoining  to  it  will  stand 
the' difference  of  latitude:  which,  if  greater  tlian  the  departure,  the  course  is 
to  be  found  at  the  top;  but  if  less,  the  coursi;  is  to  bo  found  at  the  bottom. 

Thus  half  the  distance  244,  and  half  the  departure  20-2.5,  .igree  nearly  (o  :i 
course  of  5  points  or  ^.  W.  by  W.  and  a  difference  of  latitude  1:35.5,  wliirli 
being  doubled,  is  £71,  the  difference  of  latitude,  nearly  as  before. 

CASE  VI. 
Diffennee  of  Latitude  and  Dfparturp  frii:tn  to  find  Ihf  Course  and  I)htu:i'-i . 

A  ship  sails  betiveen  tlic  north  and  west  till  hor  difftTcnce  of  hititudc  i- 
271  miles,  and  her  departure  is  106  mib's;  I  demand  her  conr««^  and  (1i»- 
t>.nce  ? 

BY  PROJECTION. 

Diparinrtj   iOt'..       15 

Draw   AB=:271,    and    peq>endirular    to   it  C ' 
Br=40ri:  join  C  and  A;  then  will  ihe  an;:»i' 
CAB  be  the  course=560  17'.  and  A(  •  the  di  •- 
^nct=18i;  miles. 


BY  LOGAKITlDi:?. 

To  find  ihc  distance. 
2. 13297  As  radiu5 

lO.OOOOOIs  to  the  diflT.  of  latitude  271 
2.60S.i3'So  is  sec.  of  course  nb    17' 


To  find  Ibr  course. 
AMMdifl:  of  latitude  271 
Ktoisdins 
^  15  t&e  departure  406 

Totaiig.ofcour9e56^ir 

Hence  her  cour-'c  i^  X.  r;G'^  17'  ^^'.  or  \.  W.  hv  AV.  :\n*\  \W  t]\^\:'nrv  saiiiMl 
i-  1C3.2  milr«. 


lO.lTSjfijTo  the  distance  4?'5.2 


lO.OOOOO 

2.43297 

10.2506* 

2.6Se*iI 


55i  PLANE  SAILING. 

BY  GUNTER. 

Extend  from  the  difference  of  latitude  271  to  the  departure  406  ontlie  line 
of  numbers,  that  extent  will  reach  from  radius  to  56^  17' the  course  on  the 
line  of  tangents. 

Sdly.  For  the  distance  we  must  consider  it  as  radius  (unless  there  is  a 
line  of  secants  on  the  scale)  and  extend  from  the  course  56^  17'  to  the  radius 
or  90*^  on  the  line  of  sines,  that  extent  will  reach  from  the  departure  406,  to 
tlie  distance  -188  on  the  line  of  numbers. 

BY  INSPECTION. 

Seek  in  the  tables  till  the  pven  difference  of  latitude  and  departure  arc 
ft)und  together  in  their  respecitive  columns,  then  against  them  will  be  the  dis- 
tance in  its  column,  and  tlie  course  will  be  found  at  the  top  of  that  table  if 
the  departure  be  less  than  the  difference  of  latitude,  otheni'ise  at  the  bottom. 

Thus  with  half  the  difference  of  latitude  135.5,  and  half  the  departure  £08, 
enter  the  tables,  and  these  numbers  will  be  found  to  correspond  nearly  to  5 
point.s  or  N.  W.  by  W.  course,  and  a  distance  equal  to  244  miles,  which  bemg 
doubled  gives  the  sought  distance,  488. 

Q^uestiona  to  ercrcise  the  learner  in  the  foregoing  Rules. 

(iufstion  I.  A  ship  in  2^  jq*  south  latitude,  sails  N.  by  E.  89  leagues; 
>vhat  latitude  is  she  in,  and  what  is  her  departure  ? 

Anstcer.    Latitude  in  2^  12'  N.  and  departure  17,36  leagues. 

question  II.  A  ship  sails  S.  S.  W.  from  a  port  in  41<=>  30'  north  lati- 
tude, and  then  by  observation  is  in  36^  57'  north  latitude ;  I  demand  the  dis- 
tance run  and  departure  ? 

Anmcfr,    Distance  run  98,5  leagues,  departure  37,7  leagues. 

(luesthn  III.  A  ship  sails  S.  S.  W.  h  W.  from  a  port  in  2^  SO'  south  lati- 
tude, until  her  departure  be  59  leagues;  I  demand  her  distance  nan  and 
latitude  in? 

Answer.    Distance  run  125,2  leagues,  latitude  in  8^  1'  south. 

Hvestion  IV.  If  a  ship  sail  360  miles  south  westward  from  21^  b^  soutli 
latitude,  until  by  obser\'Htion  she  be  in  24^  49'  south  latitude,  w^hat  is  her 
I'onrse  and  departure  ? 

Artstcer,  The  course  is  S.  W.  by  W.  half  W.  or  S.  61^  49'  W.  and  her 
departure  from  the  meridian  is  317,3  miles. 

Qiiesthn  V.  Suppose  a  ship  sails  354  miles  north  eastward  from  2P  9' 
south  latitude,  until  her  departure  be  150  miles,  what  is  her  course  and 
latitude  in? 

Ansiper.  Her  course  is  N.  25^  4'  E.  or  N.  N.  E.  J  E.  nejirly,  and  she  is 
in  latitude  3°  12'  N. 

Qitestion  VI.  Sailing  between  the  north  and  the  west,  from  a  port  in 
P  59'  south  latitude,  and  then  arriving  at  another  port  in  4^  8'  north  latitude* 
which  is  209  miles  to  the  westward  of  tlie  first  port — I  demand  the  course 
and  distance  from  the  first  port  to  the  second? 

Answer.  The  course  is  N.  29^  40'  W.  or  N.  N.  W.  \  W.  nearly,  and  the 
distance  of  the  ports  is  422,4  miles,  or  140,8  leagues. 

Question  VII.     Four  days  ago  we  wer^^  in  lat.  3°  25'  S.  and  have  since 
that  time  sailed  in  a  direct  course  N.  W.  by  N.  at  the  rate  of  8  miles  an  hour; 
required  our  present  latitude  and  departure  ? 
Answer.    Latitude  in  7°  14'  N.     Departure  426,7  miles. 

question  VIII.  A  ship  in  the  latitude  of  rp  52'  S.  is  bound  to  a  port  bearing 
N.  W.  by  W.  i  W.  in  the  latitude  of  4°  30'  N.  how  far  does  that  port  lie  to 
the  westward,  and  what  is  the  ship's  distance  from  it? 

Answer.  The  port  lies  939,2  miles  to  the  westward,  and  the  direct  distance 
1065  miles. 

question  IX.    A  ship  from  the  latitude  of  180  17'  N.  sails  S.  W.  by  S. 
until  she  has  depressed  the  north  pole  2  degrees;  what  direct  distance  has 
she  sailed,  and  how  many  miles  has  she  got  to  tlie  westward  ? 
Ansinr.    Distance  nni  144,3  miles,  and  hajs  got  to  the  westward  80,2  miles. 


I    r'9 


TRAVERSE    SAILIXC 


A  TRAVERSE  is  an  irrrKular  tnirk  ^vhich  a  ship  makes)  by  sailinj;  on 
yrveral  different  courses;  these  are  reduced  to  a  single  course  by  means  ot* 
two  or  more  cases  of  Plane  Sailing,  either  by  geometrical  construction,  (»r 
hj  arithmetica]  calculation.* 

The  geometrical  construction  is  performed  as  follows :  Describe  a  circle 
with  the  chord  of  60^,  to  represent  the  compass,  and  lay  ofT  on  its  circumfe- 
Tmact  the  various  courses  sailed.  From  the  centre,  upon  the  first  course  set 
off  the  Ant  distance,  and  mark  its  extremity :  through  this  extremity,  and 
panUel  to  the  second  course,  draw  the  second  distance  of  its  proper  length : 
through  the  extremity  of  the  second  distance,  and  parallel  to  the  third  course, 
draw  the  third  distance  of  its  proper  length;  and  thus  proceed  till  all  the 
distances  are  drawn.  A  line,  drawn  from  the  extremity  of  the  last  distance 
to  the  centre  of  the  circle,  will  represent  the  distance  made  good ;  a  line, 
drawn  from  the  same  point,  perpendicular  to  the  meridian,  will  represent  the 
departure;  and  the  part  of  the  meridian  intercepted  between  this  and  the 
centre,  wOl  represent  the  difference  of  latitude. 

The  arithmetical  calculation  to  work  a  traverse  is  as  follows ;  Make  a  tra- 
verse table  consisting  of  six  columns;  title  them.  Course,  Dist.  N.  S.  £.  W. 
bepn  at  the  kft  side,  and  write  the  given  courses  and  distances  in  their  re- 
spective columns.     Find  the  difference  of  latitude  and  departure  for  each  of 
these  courses,  bj  Gunter^s  Scale,  or  by  Tables  I.  or  II.  (as  in  Case  I.  Plane 
Sailing)  and  wtite  them  in  their  proper  columns :  that  is,  when  the  course  is 
loatheriv,  the  difference  of  latitude  must  be  set  in  the  column  S.  when 
nmtfaeriy  in  the  column  N.    The  departure,  when  westerly,  in  the  column 
W.  and  when  easterly  in  the  column  E.     Add  up  the  columns  of  northing, 
southing,  easting,  and  westing;  take  the  difference  between  the  northing  and 
southing,  and  also  between  the  easting  and  westing ;  the  former  difference 
^  be  the  difference  of  latitude,  which  will  be  of  the  same  name  as  the 
grater;  and  the  latter  will  be  the  departure,  which  will  be  also  of  the  same 
name  as  the  greater.     With  this  difference  of  latitude  and  departure,  the 
and  distance  made  good  are  to  be  found  as  in  Case  VI.  Plane  Sailing. 


EXAMPLE   I. 

Suppose  a  ship  takes  her  departure  from  Block  Ibland,  in  the  latitude  of 
-11^  10  N.  the  middle  of  it  bearing  N.  N.  VV.  distance  by  estimation  5  leagues. 
«idinlsS.  E.  84. 
S^Bed  the  latitude 


«idinls  S.  E.  84.  W.  by  S.  16,  \V.  N.  W.  39,  and  S.  bv  E.  40  miles;  ri- 

D  she  b  in,  and  lier  bearing  and  distance  from  Block  Island  I 


■lethod  of  reducing  compound  courses  to  a  single  one  is  perfectly  accurate  in 
'filing  on  a  phme,  and  is  nearly  so  in  sailing  a  short  dbtance  on  the  spherical  surfare 
*f  Ike  earth ;  and  though  in  this  case  it  is  liable  to  a  small  error  in  high  latitudes,  yet  in 
fnKnl  the  rale  is  suAciently  accurate  for  reducing  the  several  courses  and  distance* 
med  in  one  day  to  a  single  conne  and  diftancc. 


()() 


IKAVERSE  SA1L1N(,. 


BY  PROJECTION. 

Li't  L  iTjiresenttliii 
middle  of  Blook-Isl- 
aiid;  draw  tlie  miTJ- 
dian  LM,  and  on  L  slu 
a  centre,  with  a  chord 
of  60^,  describe  a  cir- 
cle to  repre-Mint  the 
compass,  on  whicli 
mark  the  various 
courses  sailed,  and 
the  bearing  of  the 
land  at  the  time  of 
taking  the  departure; 
opposite  to  this  he^r--^ 
ing  draw  the  S.  S.  E.*^ 
line  LA,  which  make 
equal  4o  15  miles,  the 
estimated  distance  of 
the  land;  then  will  A 
represent  the  place  of 
the  ship  at  the  time  of 
taking  the  departure: 
through  A  draw  AB=: 
.S4  miles  parallel  to  the 
S.E.  line;  then  wUlB 
be  the  place  of  the 
ship  after  sailing  her 
first  course;  in  like 
manner  draw  60=16 
miles  parallel  to  the 
IV.  bjy  S.  line:  CD= 
i)9  mdes  parallel  to  the 
W.N.W.line,andDE 
=40  miles  paraUel  to  the  S.  b>  E.  line ;  tlien  will  £  represent  the  place  of 
the  ship  after  sailing  her  several  courses.  Join  EL,  and  dmw  EM  jpeqMD- 
dicular  to  LM ;  then  will  LE  be  the  distance  of  Block-Island  66.8  iiute8»  and 
the  angle  ELM=1£^  16'  will  be  the  course  made  good,  LM  the  difference 
of  latitude,  and  EM  the  departure. 

TO  FIND  THE  SAME  BY  LOGARITHMS. 

For  the  first  course  S.  S.  E.  15  miles. 


To  find  the  difference  of  latitude. 
As  radius  90"  10.00000 

Is  to  distance  15  1.17609 

So  is  co-sine  course  2  points  9.%562 


To  Diff.  lat  13.9 


For  departure. 
As  radius  90^ 
Is  to  distance  15 
So  is  sine  course  2  points 


1.14171  To  departure  5.7 
Second  course  S.  E.  S-i  miles. 


For  difference  of  latitude. 


A$  radius  90° 

Is  to  co-sine  course  45" 

So  is  distance  34 

To  cliff,  latitude  24 


10.00000  Ab  radius  90" 


For  departure. 


For  difference  of  latitude. 
As  radius  90^  10.00000 

Is  to  co-sine  course  78"  45'  9.2902-1 


9.84949  Is  to  sine  course  45" 
1.5314SSO  U  distance  34 

1.38097  To  departure  24 
Third  course  W.  by  S.  16  miles. 


For  departure. 
As  radius  90^ 
Is  to  sme-course  78"  45' 


So  is  distance  16 
To  iM  latitude  ^A 


1.20412!So  U  distance  16 


0.4943e;To  departure  15.7 


10.00000 
1.17609 
9.58884 

0.75893 


10.00000 
9.84949 
1.53148 

1.3S097 


10.00000 
9.99157 
1.20412 

.1.19569 


TRAVERSE  SAILING. 

(•1 

Fourth  course  W.  N.  W.  59  milex. 

IWdi&renceoflMitude.               i                       For  departure, 
itnimHf                                 10.00000;A.  radhu  90^ 
1.  »'(»«  coune  67-  30*              9.- 8234;l.  u>  line  eour«  (.7^  3tf 
SoitiAue  39                                  1.59106]So  is  distance  39 

io.oooort 
9.96562 
1.59106 

T«a:hL  14.9                                   1.17390;To  departm*  36 

1.S3669 

Fifth  course  S-  by  E.  40  miles. 

FurdificrenoeonatUude.                i                        For  departure . 
iiMaVP                                 lO.OOOOU  \i  radiu.  9e- 
btocMiiie  coum  11'  15'              9.99157  Is  to  line  coune  11^  la* 
ScibtmceM                              1.60«)6  So  >i  dislince  40 

10.00000 
9.a90i4 
1.60S06 

TOia  liL  M.8                               1.59363;To  departure  7.8 

0.89230 

Hmui^  this  method  of  finding  the  diOerence  or  latitude  and  departure  by 
bprilhms  is  accurate,  yet  the  calculations  may  be  more  easily  made  by  the 
Itnn  of  diSercnce  of  latitude  and  departure,  aa  in  Onse  I.  Plane  Sailing. 


TRAVERSE  TABLE. 


Phceall  these  courses,  distances,  Sic. 
11  ibe  tnrerse  table,  then  add  up  all  the 
nlnp,  castings,  northings,  and  south- 
up.  wparatcly,  and  set  down  their  re- 
■ptttilv  luma  at  the  bottom  of  each  co- 
annn ;  md  aa  the  wealing  is  greater  than 
■ke  tatting  subtract  the  easting  tbere- 
frwnj  tbedifierence  14,2  slietrs  that  the 
■flip's  dmuture  is  so  much  west  of  her 
irk  — ~>: — 


Courses, 

Dul 

Diff,  L.L 

DcpUtUCE. 

N. 

s. 

E.  i  W. 

I4!o| 
|15.7 

S.  S.  E. 
S.  E. 
W.  hj  S. 
W-  N.  W 
S.  by  E. 

15 

34 

16 
39 
4U 

14.9 

13.9 
£4.0 
3.1 

39.S 

Take 

—  —  ao-a 

—  —  14.9 

—  —  M.3 

J7.S 

S1.7 

37.5 

14.i 

.^Run,  the  southing  being  greater  than  the  northing,  subtract  the  noTthuf; 
rron  it,  and  the  remainder  65.3  shews  how  far  the  ^ip  is  to  the  southward 
of  ber  list  place. 

To  find  tlu  distance  of  the  UbdiL 

9.3S:S9 
I.1SS39 
10.00000 


w  of  CDune  12^  16' 
10.00000|t>  la  Ihe  departure  14,3 
1.I5S29  So  ii  ndiiu  90= 


e  ir-  16' 


9.33T38  To  the  dislucc  66.8 


BY  INSPECTION. 
Fhid  the  course  «iid  distance  by  Cue  TI. 
of  Plane  Sailing. 


*lkb,  Uwaae  the  diHertnee  of  latitude 
■  Hite^,  and  the  departure  westerly, 
^  llF  I6'  W.  WheDo:  Block  Island 
b»lim  Om  Mb  N.  12^  16'  E.  or  N.  bT 
tl-^l'E. 

EXAMPLE  II. 

i^p  from  Mount-Desert  Rock,  in  the  latitude  of  4d^  5S'  N.  sails  for 
Cafe  Cod  in  the  latitude  of  42°  i'  N.  its  departure  Tram  the  meridian  of 
M(«t-DeMrt  Rock  being  supposed  to  be  B4  miles  west ;  but  by  reason  of  i 
COMaiT  winds,  she  is  obliged  to  sail  on  the  following  courses,  viz.  South  10 
ndcs,  W.  S.  W.  in  miles,  S.  W.  90  miles,  and  W.  SO  miles.  Required  the 
bntng  and  distance  of  the  two  places,  the  coune  and  distance  sailed  by  the 
Up,  and  the  bearing  and  distance  of  her  intended  port  ? 


i>2 
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BY  PROJECTION. 
Lat.  Mount-Deaert  Rock    AS-'  52^  .V. 
Lat.  of  Cape  Cod  4*2      5  N. 


»IJE 


Difi*.  of  lat.  I    47=107  miles. 

Let  C  represent  Mount-Desert  Rock,  draw  the 
meridian  CF,  which  make  equal  to  107  miles  the 
diflerence  of  latitude  between  the  two  placei ; 
and      per- 
pendicular 
thereto  the 
Kne  FE  e- 
qual  to  the 
departure 
84      miles, 
then   is    K 
the  place  of 
Cfetpe   Cod. 
With     the 
chord      of 
60^   sweep 
about     the 
centre  C,  a 
circle  E.  S. 
W.  to    re- 
present the 
compass,  & 
upon  it  note 
the  various 
courses  sail- 
ed.      The 
first  course 
beinc  South    jc^ 
the  distance  j^ 
10  miles 
set  off  from      _ 

C  towards  F  upon  the  meridian,  and  this  point  represents  the  place  of  the  ship  after 
sailing  her  first  coure ;  continue  setting  off  the  Tarious  courses  and  distances  as  in 
the  last  example,  Tiz.  W.  S.  W.  35  miles,  S.  W.  30  miles,  and  West  20  miles  to  the 
point  A  ;  then  will  A  represent  the  place  of  the  ship  after  sailing  these  courses.  Join 
CE,  AC,  AE ;  draw  AB  perpendicular  to  the  meridian  CF,  and  AD  parallel  thereto : 
then  will  AC=76,2  miles  be  the  distance  made  good,  AE=69,1  miles  the  distance  of 
Cape  Cod  from  the  ship  ;  CE  the  distance  of  the  two'places=136  miles ;  ACB=57^  36', 
the  course  made  good ;  EAD=l6^  34'  the  course  to  Cape  Cod,  and  ECF  tile  coarse 
from  Mount-Desert  Rock  to  Cape  Cod=38^  8',  &c. 

BY  LOGARITHMS. 
To  find  the  bearing  and  distance  of  the  two  places  by  Case  \1.  Plane  Sailing. 


To  find  the  bearing. 
Asdiff.oflat.  107 
Id  to  radius  45^ 
So  is  departure  84 


2.02938 

10.00000 

1.92428 


To  find  the  distance. 

As  radius  90<»  10.00000 

Is  to  diff.  of  lat.  107  9.02938 

So  is  sec.  course  3SP  8*  10.10496 


To  tang,  course  38^-  8'  9.89490jTo  the  dutance  136  9.13364 

Whence  the  course  from  Mount-Desert  Rock  to  Cape  Cod  is  S.  38°  8'  W.  distance 
136  miles.    The  same  may  be  found  by  the  scale  or  by  inspection. 


The  diflerence  of  latitude  and  departure 
for  the  several  courses  being  calculated,  by 
Case  I.  Plane  Sailing,  and  arranged  in  the 
traverse  table,  it  appears  that  the  difference 
of  latitude  made  good  by  the  ship  is  40,8 
miles ;  and  the  de|Mulure  64,3  miles ;  then  by 
Case  VI.  Plane  Sailing,  these  niimbf>rs  arc 
found  to  correspond  to  a  course  of  S.  57®  36', 
W.  and  distance  76,2  miles. 
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Courses. 


South. 

W.  S.  W. 

8.  W. 

W. 


Dist 


10 
25 
30 
20 


Difl'.  Lat.  {Depart un* 


N. 


10.0 
9.6  j 


E.     W. 


21.2 


i93.1 
91. S 
190.0 ; 


Diff.    Lat.  40.s!Dep.  64.3 
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tiubtnct  l)»?  difierencK  of  latitude  made  good  hj  thp  «hip  40,8  mileSf  from 
Iha  wMe  iliflerence  of  latitude  107  miles,  and  there  remain  86,X  miles, 
whidiitlle  dKBrence  of  latitude  between  the  ship  and  Gape  Cod.  la  the 
■ant  iHBoerl^  subtracting  the  ship's  departure,  64,3  miieH,  Irom  the  whola 
depVtBte,  G4  miles,  there  remain  19,7  mJlcH  for  Ihe  departure  between  the 
diijiuil  Cape  Cod.  Willi  thia  diReri^iicc  of  latitude,  66, S,  and  departure, 
IV,  the  bearing  uf  Cape  Cod  is  found,  by  Case  VI.  Plane  Sailing,  S.  16° 
.<M'  W.  and  its  distance  69,1  miles. 

AU  Ibc  preceding  calculations  may  be  made  by  logarithms,  by  the  scale, 
or  bf  inapectioit.  But  we  shall  leave  them  to  eiicrcise  thi;  learner ;  and  fur 
thiumc  purpose  shall  add  the  fullowin^  e:iample. 
EXAMPLE  III. 
Adif  in  Ihe  latitude  of  37°  10'  N.  is  bound  to  a  port  in  the  latitude  of 
35^*' N.  wliich  lies  ISO  miles  west  of  the  meridian  of  the  ship;  but  by  rea- 
»mif  contrary  winds  she  sails  the  fullowiiig  courses,  viz.  S-  W.  by  W.  S7 
mil(»-W.  S.  W.  i  W.  30  miles— W.  by  S.  23  miles— W.  hy  N.  18  miles— 
S.  9.  E.  3i  miles— S.  S.  E.  i  E-  37  miles— S.  by  E.  as  miles— S.  31  miles, 
and  S.  S.  E.  39  miles.     Rciiiiired  the  latitude  Ihe  ship  is  in,  and  her  dtpar 


lunG 


n  the  meridian,  with  the  ci 


le  and  distance  to  her  intended  port  I 
TRAVERSE  TABLE. 


"niF  difference  of  latitude  and  de- 
paitiK  made  on  each  course,  are  i^i- 
r»  in  the  adjoined  traverse  tahlp; 
heiw  it  appears  that  the  difference  of 
btitude  made  ^od  is  169.4  miles,  thr 
"leputure  4T.4'mUes,  and  by  Case  VI. 
Pta»  Sailmg.  the  course  S.  IS©  38' 
If . and  distance  17:1.9  miles;  and  the 
'OVK  to  the  intended  port  8.  58°  la' 
W.diitiare  1&5.2  miles;  the  latitude 
heii^iDMSll'N. 


Cou™. 

Dmt 

DilT.  Ul. 

Departure.  | 

N. 

S. 

E. 

W. 

S.  \\.  bj  w. 

»7 

!.■>.( 

a.- 

W.S.W.jW 

10 

B.i 

as.; 

9', 

■1.' 

94.5 

W.  by  N. 

IK 

.1.ft. 

17.; 

S.  B.  E.* 

11 

l!4.f. 

Jf. 

S.  H.  F..  1  E, 

97 

*1.5 

IS' 

S.  hy  E. 

?i 

ii-i 

4" 

South 

11 

HI,) 

fi.  S.  K.* 

31 

3b.O 

14.! 

3.5 

I7S.9 

45.9 

93.3 
4S.9 

Diff.  Lat.  169.4 

Dep.  A7.a\ 
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is  Plane  Sailmg  the  earth  is  rnnsidered  as  an  extended  plane,  but  this  sup- 
poiifiog  is  very  erroncnu-t,  because  the  earth  is  nearly  of  a  spherical  Hgurt'. 
n  which  the  meridians  all  meet  at  the  poles,  consequently  the  distance  of 
Mr  Ito  meridians  measured  nn  a  parallel  of  latitude, (which  distance  is 
«W  the  meridian  distance)  decreases  in  proceeding  from  tlie  equator  to 
tbt  poles.  To  illustrate  this,  let  PB  represent  the  semi- 
'lii  of  the  earth,  B  the  centre,  P  the  pole,  PC  A  a  quadrant 
">f  the  meridian,  AB  the  radius  of  the  equator,  and  CD 
(fanllel  thereto)  the  radius  of  a  parallel  of  latitude.  Then 
il  is  evident  that  CD  will  be  the  co-sine  of  AC  or  the  en-  (j 
'IK  ofthe  latitude  ofihe  point  C,  to  the  radius  AB:  now  1 
if  the  guadrantal  arch  PCA  be  supposed  to  revolve  round  4J 
rh*  nil  PB,  the  point  .\  will  describe  the  circumference  of 
tb«  equator,  and  C  the  circumference  of  a  parallel  of  latitude :  and  thf  for- 
aer  nreumference  will  be  to  the  lattt'r  as  AB  to  CD  (as  may  easily  he  deduced 


f^'^^r^ 


6^ 


PARALLEL  SAILLNG. 


from  Art.  LV.  Geometry ;)  that  b,  as  radius  to  the  co-sine  of  the  latitude  or 
the  point  C :  hence  it  follows,  that  the  length  of  any  arch  of  the  equator  in- 
tercepted between  two  meridians,  is  to  the  length  of  a  congnponding  arch 
of  any  parallel  intercepted  between  the  same  meridians,  ^8  radius  is  to 
the  c^-sine  of  the  latitude  of  that  parallel.  Hence  we  obtain  the  following 
theorems. 

THEOREM  L 
7^  eirctimferenee  of  the  equator  is  to  the  circumference  of  aaiy  other  paralH 
of  latitude,  as  radius  %s  to  the  co^sine  of  that  latitude. 

THEOREM  n. 

As  the  length  of  a  degree  of  the  equator  is  to  the  meridian  distance  correspond- 
ing to  a  degree  on  any  other  parallel  of  latitude,  so  is  radius  to  the  eo-sint  of 
fmt  parallel  of  latitude. 

THEOREM  HI. 

As  radius  is  to  the  co-sine  of  any  latitude,  so  are  the  miles  of  difference  of 
longitude  bctteeen  two  meridians  (or  their  distance  in  miles  upon  the  equator) 
to  the  distance  of  these  tu>o  meridians  on  that  parallel  of  latitude  in  miles. 

THEOREM  IV. 

As  the  co-sine  of  any  latitude  is  to  radiusj  so  is  the  length  of  any  arch  on  thai 
parallel  of  latitude  (intercepted  between  two  meridians)  in  miles  to  the  length 
of  a  similar  arch  on  the  equator,  or  miles  of  difference  of  longitude. 

THEOREM  V. 

As  the  the  co-sine  of  any  latitude  it  to  the  co-sine  of  any  other  latitude,  so  is  the 
length  of  any  arch  on  the  first  parallel  of  latitude  in  milfS,  to  the  length  of  the 
sarite.  arch  on  the  other  in  miles.  ^ 

By  means  of  Theorem  H.  the  following  Table  was  calculated,  which  shows 
the  meridian  distance  corresponding  to  a  degree  of  longitude  in  cver^'  lati- 
tude :  and  may  be  made  to  answer  for  any  degree  or  minute  by  taking  pro- 
portional parts. 

The  follomng  Table  shews  for  every  degree  of  latitude  hmc  many  miles  distant 
the  two  meridians  are,  whose  difference  of  longitude  is  one  degree. 


D*  L. 

Mil 

.F.S. 

99 

!d.  l. 

MILKS. 

D.  L. 

MILES. 

D.  L.  MILES. 

D.  L.  MILES. 

1  59. 

i  19 

56. 

73 

37 

47. 

92 

55  134. 

41 

73  17.  54 

2  j59. 

96;  20 

56. 

38 

38 

47. 

28 

56 

33. 

55 

74 

16.  54 

•     S  59. 

92 

21 

56. 

01 

39 

46. 

63 

57 

32. 

68 

75 

15.  53 

;  4  '59. 

85 

22 

55. 

63 

40 

45. 

96 

58 

31. 

80 

76 

14.  52 

5  J59. 

77 

23 

55. 

23 

41 

45. 

28 

59 

30. 

90 

77 

13.  50 

1  ^ 

59. 

67 

24 

54. 

81 

42 

44. 

59 

60 

30. 

00 

78 

12.  47 

'  7 

59. 

55 

35 

5*. 

38 

43  143. 

88 

61 

29. 

09 

79 

11.  45 

.  « 

59. 

42 

26 

53. 

93 

4^4 

43. 

16 

62 

28. 

17 

80 

10.  42 

.   9 

59. 

26 

27 

53. 

46 

45 

42. 

43 

63 

27. 

24 

81 

9.  39 

10 

59. 

09 

28 

52. 

98 

46 

41. 

68 

64 

26. 

30 

82 

8.  .35 

'  11 

58. 

90 

29 

52. 

48 

47 

40. 

92: 

65 

25. 

36 

83 

7.  31 

12 

1 

58. 

69 

SO 

51. 

96 

48 

40. 

15 

66 

24. 

40 

84 

G.  27 

'  IS 

58. 

46 

31 

51. 

43 

49 

39. 

38 

67 

23. 

44 

85 

5.  23 

14 

58. 

22 

32 

50. 

88 

50 

38. 

57 

68 

22. 

48 

86 

4.  19 

i  15 

57. 

96 

33 

50. 

32 

51 

37. 

76 

69 

21. 

50 

87 

a.    14 

'  16 

57. 

68 

34 

49. 

74 

52 

36. 

94 

70 

20. 

52 

88 

2.  09 

17 

57. 

.i8 

35 

49. 

15 

53 

36. 

11 

71 

19. 

53 

89 

1.  05 

18 

57. 

06 

.ifi  Its. 

5^ 

54 

35. 

27 

72 

18. 

54 

90 

0.  00 

When  a  ship  sails  cast  or  west  oji  the  sunface  of  the  oartii  simposcd  to  \» 
i^pherical,  she  describes  a  parallel  of  latitude,  and  this  is  called  Parallel  Sail- 
ing. In  this  case,  the  distance  sailed  (or  departure)  is  equal  to  the  distanc«> 
between  the  meridians  sailed  from  and  arrived  at  in  (hat  parallel,  and  it  is 
easy,  by  Theorem  IV.  (pr«*crdin;r)  lo  find  the  diflerence  of  longitude  from  the 
dist5in«*.p,  or  the  distance  from  the  diffcrrnce  of  loniriludo,  as  will  appear 
phiin  by  the  following  ex;iniples. 
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CASB  I. 
The  difirtna  of  tungilmU  btturen  Jim  placa  in  the  Mm 
being  gmn,  to  find  the  dutanrt  betwetn  li 
SifpOM  a  ship  in  Sie  latitudeof  49°  30'  nv    ' 
nr  WMt  until  li«r  difference  uf  longitude  lie 

BV  PROJECTJON. 


p//y/.-.'j:- 

•■///■ 

■  ■ 

-■■■-...._ 

■13- 
.MO 

— r 

Tike  the  iine  of  1)0^  Trom  the  Pthne  Scale,  and  with  one  foot  of  the  rom- 
pwtion  P  (Fii;-  I)  »s  a  centre,  di'scriht:  the  arch  EQ;  with  the  difference 
of  loD^lude  SIO  miles  in  tlic  companses.  and  oai:  foot  in  B,  as  a  crntn',  de- 
snibtanarch  cutting  EQ  in  Q;  join  PE,  PQ.  Take  the  sinr  nf  the  cnni- 
pleneot  of  the  latitude  40°  SO*  in  vonr  compaases,  and  nith  onfi  foot  in  P,  iix 
a  antra,  describe  thp  arch  FG,  cutting  PB,  PQ,.  in  KG ;  tlien  llir  len|;lh  nf 
the  chord  FG  being  mea^iirpd  on  ibe  scale  of  equal  parts  will  be  the  df[i:ir- 
IiirclM.4  miles. 

Or  thli  projection  may  be  made  in  the  folliiwins  mannpr.  Draw  AD  (Fig. 

3)  of  an  indeilnite  lenetli,  make  the  an^le  UAC  f.qual  to  the  latitude  40°  3t)', 

and  AC  equal  to  the  difference  of  lonfjitudi-  SIO  miles ;  draw  CD  perprnilJ- 

•■"lar  to  AD ;  then  i^ill  the  line  AD  be  tlic  distance  or  dtparture  reipiirrd. 

BY  LOGARITHMS. 

To  Gild  Uic  departure  or  dislhnec. 

.A«  radius  90'  lO.IMXKMi 

la  to  tilt  diflereiwc  of  longitude  SIO  !.33SJi 

Su  19  co-atne  litUude  49^  30"  ^.SnM 

To  Ibe  distance  ot  departure  136,4  S.lS'l'b 

BY  GUNTFai. 
Thr  extent  from  radius  to  the  cnmplement  of  the  latitude  40^^  50'  on  the 
Itw  nf  (Ines,  will  reach  from  the  difference  of  lonfitude  810  to  the  distance 
1  JS,4)Hi  the  line  of  numbers, 

BY  INSPECTION. 
Find  Ihe  latitude  among  the  degrees  in  Table  II.  and  in  the  distance  CO- 
liBnn  the  difference  of  longitude,  opposite  to  which  in  the  column  of  latitude 
«9  be  Ihe  dtttance  required. 

In  tbe  present  example  the  latitude  is  40°  SO*,  and  as  the  table  is  only  cal- 
C4«fd  to  single  dw«ea,  I  And  tbe  numbeh  in  the  taUee  of  4S°  and  50°,  and 
^dw  mean  of  them;  the  former  is  137,8,  the  lattv  19&.0,  the  mean  of 
*tiidlii  the  sought  distance  or  departure  136,4. 

CASE  11. 

A  iutanee  between  two  places  on  the  aame  paralM  of  latitudt  gieen,  to  find 

their  diffcTence  of  lougitmU. 

Suppose  a  ship  in  the  latitude  of  49°  Stf  N.  or  S.  and  long.  36°  40'  W. 

nib  directly  west  ias,4  miles  i  reqiured  the  difference  of  longitude,  and 
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BY  PROJECTION. 

With  (lie  pine  of  thr  complement  of  the  latitude  40^  SO'  in  your  cotn^ssf  8, 
and  Olio,  foot  in  P,  as  a  centre,  (Fi^.  1st.  of  the  preceding  case)  describe  the 
arch  FG^  upon  which  set  off  tlie  departure  l.S6,4  miles  upon  the  chord  FG, 
and  throuji^h  the  points  F  and  G  draw  the  lines  PE  and  PQ — then  with  the 
sine  of  90^  in  the  compasses,  and  one  foot  on  P  as  a  centre,  describe  an  arch 
to  cut  PE,  PQ,  in  E  and  O ;  then  the  chord  EQ  beinj5  measured  upon  thes 
«ame  scale  of  equal  parts  that  the  departure  was,  will  be  the  difference  of 
lonf^itude  210  miles. 

Or  thus,  draw  the  line  AD  (Fij;.  2d.j  which  make  equal  to  the  given  dis- 
tance 150,4,  at  D  erect  DC  perpendicular  to  DA,  make  the  angle  DAC  equal 
to  the  latitude;  then  will  AC  he  the  sought  dilTcrence  of  longitude  210  miles. 

BY  LOGARITHMS. 


As  co-sinc  of  latitude  49=^  30'  9.8125-1 

U  to  the  distanced 36,1  2.134S1 

So  is  radius  10.00000 


Longr.  left  3fr^  40' W. 

DiflT.  Ions-  3    30  W. 

Long,  in  40    10  W\ 


To  (he  difr.  of  !on^.  210  S.38227 

BY  INSPECTION. 

Look  for  the  latitude  amonjr  the  degref s,  as  if  it  was  a  course,  and  the  de- 
parture in  the  column  of  latitude ;  against  which  will  :<tand  the  difference  of 
loH'^itude  hi  the  distance  column. 

Thus  in  the  course  -lO^,  I  seek  for  IS6,4  in  the  latitude  column,  and  find  it 
corresponds  to  the  distance  ii03 ;  and  in  the  course  00^,  I  find  it  nearly  cor- 
responds to  xin  ;  half  the  sum  of  !208  and  212  is  2.10,  which  is  the  sought 
difference  of  'longitudo. 

QIKSTFONS  TO   EXERCISE  THE  LEAUNER. 

QitctitPn  1.  A  i^filp  ill  the  lalltude  of  02"  N.  mIU  Uim'  wat  till  ber diiTLTrnre  of  longitude  If  314  milft ; 
1  •■•mired  the  di.siuni'f  failed  .■ 

Jnncer.     32A."  iliik-s. 

Q'lution  II.  A  )>Ii>p  from  ihe  lat'iudc  of  £S^  3'/  S.  longitude  lO**  IB'  £.  ^aih  due  direst  S3R  mllef — 
irj^iiinnl  her  niv«pni  lorpituiie  7 

Juni*/".    S'-ICV'  E. 

Quiition  III.  Iftivo  fhins  In  th^  lufitutlo  of  41"  V.O"S.  diMnnt  2lS  miien,  fTinnld  Mil  direcitjrvmth 
nntil  thvy  wrre  in  the  lHrirndi'ors2*17'  N.  what  diNianee  are  !her  from  each  oilier.' 

Amj-Tf.    iiv  TlM-on'iii  V.  i5<i  milfi. 

f^\teftitni  Iv.  A  ^ldI>  having  run  due  rnM  for  ihrredavPf  at  the  nteuf  5  knotvaa  kflpr,  findf  ihe 
l.a   niKTiti  her  |iin;;Ilnd<*  S*  l6  -,  m  bat  }umUi*l  of  laij'.ude  did  flic  &ail  in  f 

.•(..uf.    4i>*  L:y  >.  or  S. 


3irDDLE  LATITUDE  SAILIIVG. 

1  .\  s.iiliiip;  north  or  south  (or  on  a  mericUan)  the  difference  of  Iongitu«fe  i>? 
iMithinn;,  and  the  difference  of  latitude  is  emial  to  the  distimce  sailed;  hut 
iri  siiilinj;  tNist  or  west  (or  on  a  parallel  of  latitude)  the  difference  of  latitude 
is  nothin;;,  and  the  difference  of  longitude  may  he  calculated  by  the  foregoing 
Theorems  (»f  Parallel   Sailin;;.      In  sailing;  on  any  other  course,  the  .ship 
changes  both  her  latitude  and  longitude ;  in  this  case,  the' difference  of  lati- 
tude, dejiarture,  and  diffc'rence  of  longitude  may  be  calculated  hy  a  proper 
ap])lieation  of  the  principles  of  Plane  Sailing  to  the  sailing  on  a  spnencal 
.surface ;  (o  do  which,  the  surface  of  the  globe  may  be  supposed  to  be  di- 
\  idc;d  into  an  indefinite  number  of  small  surfaces,  as  square  miles,  furlong;?, 
yards,  kc.  which  on  account  of  their  smallness,  in  comparison  with  the 
whole  surface  of  the  earth,  may  be  esteemed  as  plane  surfacres,  and  the  dif- 
ference of  latitude  and  departure  (or  meridian  distance)  made  in  sailing  over 
each  of  these  surfaces,  may  be  calculated  by  the  common  rules  of  Flaiie 
Sailing,  and  by  summing  up  all  the  differences  of  latitude  and  departures 
made  on  these  different  planes,  we  shall  obtain  the  whole  difference  of  lati- 
t!idc  and  departure  nearly.*     Now,  by  Case  I.  of  Plane  Sailing,  the  distance 
lit'scribed  on  any  one  of  these  small  surfaces  is  to  the  corresponding  differ- 
t'lxro  of  latitude's  radius  is  to  the  co-aine  of  the  course,  and  as  the  course  fs 

*  i  ci'.'vnor  arivin;;;  iruni  iidssuiiposltion  will  be  decreased  by~iiicr«bking  the  number  of  Ibc  |ilaMe»,  feO 
'  kai.^t  :r.  \-««uiu,;  lUe  uuintfer  Iptlefbitdjr.  the  error  may  be  made  Ice*  than  any  assignable  qtiantiiy. 


MIDDLE  LATITUDE  SAlLLNc;.  G? 

\ii^  same  on  al)  theso  surfHCc;?,  it  fullow.^  thnt  thr  sum  of  all  i\\e  dUtiiiicrH 
^escribwl  thervon  is  to  tho  sum  of  th»*.  rorrespoiiilinp;  dlfTrmiros  of  latitiul*^ 
a^  radius  is  to  tho  co-siiiR  of  the  course ;  that  is,  tlio  wholi*  iliit.iiiro  «<:uled  on 
tilt  globe  is  to  the  corresponding  diRtTcnce  of  Iatitud«^  :h  raiiius  is  to  the  co^ 
sJDe  of  the  course.     In  a  similar  manner  it  apjioars.  that  the  distance  de- 
Hrribed  on  the  f;Iohe  is  to  the  su?n  of  nil  the  corresipondin;;  departures  (or 
meridian  distances)  descrilipd  on  these  different  surfaces,  ns  radius  is  to  the 
sine  of  the  course.     So  that  the  canons  for  calculating  ihe  wh(»le  diflference 
of  latitude  and  departure  from  the  course  and  distance  art*  the  siuiie,  whe- 
ther the  earth  he  esteemed  as  an  extended  plane  or  a  spherical  surface,  and 
Ihe  same  is  to  be  observed  with  respect  to  the  other  cases  of  Plane  Sailing;. 
We  shall,  therefons  in  all  tiic  calculations  of  sailing  on  the  spherical  sur- 
face of  the  earth,  in  which  the  course,  distance.  difr<*r»'i)ce  of  latitude  and 
departure  occur,  make  us(*of  the  canons  already  taught  in  Plane  Sailing,  aud 
shall  construct  the  schemes  exactly  in  the  same  manner.     The  only  addi- 
tional calculation  in  saili ni;  on  a  spherical  surface  consists  in  d«'termiuing  the 
loniptiide  from  the  departure :  for  in  sailing  on  a  plane,  the  departure  and 
longitude  are  the  same,  but  in  sailing  on  a  spherical  surface,  the  whole  dtpar- 
tmt  fas  was  ohstrvrd  above)  is  equal  to  the  sum  of  ail  the  meridian  distances 
made  in  sailins^  ov^r  the  indefinite  number  of  small  surfaces,  into  which  we  hai^' 
supposed  the  s^rieal  surface  to  be  divided,  and  the  whole  dijftrtnce  of  longritudt 
corrtspondinf^  is  equal  to  the  sum  of  all  the  djfferences  oflonfritudc,  deduced  from 
each  of  these  small  meridian  distances  by  Throrem  IV.  of  Parallel  Sailing.* 
Seven!  methods  have  been  proposed  for  abridging  the  calculation  of  the  dif- 
ference of  longitude  from  the  departure,  the  most  noted  of  which  an*  those 
knoimby  the  names  of  Middle  Latitude  Sailinfi^  and  Mtrcator^s  Sailinfr^  the 
latter  (which  will  be  hereafter  explained)  is  perfect ly  ac4:urHte,f  the  former  is 
only  an  approximation,  but  itis  ver}'  much  used  in  calculating  shi»rt  nuis  and 
days  woncs,  but  in  calculating  large  distances  across  d's  ant  ]>arallels  it  is  lia- 
ble to  error.    The  principle  on  which  the  calculations  of  Middle  Latitude 
Sailing  is  founded,  is  this :— Instead  of  calculating  the  difTvnnice  of  longitude 
-rorresponding  to  tlie  departure  made  on  each  of  the  smidl  surfaces,  into 
which  we  have  suppoS€*d  the  sphere  to  be  divided,  and  adding  them  togetht'r. 
tl&e  whole  departure  (or  sum  of  the  meridian  distances)  is  calculated,  and 
the  longitude  deduced  therefrom  by  the  rules  of  Parallel  Sailing,  u<«ing  fur 
Ihe  latitude  the  arithmetical  me  in  between  the  latitude  sailed  fri»m  and  that 
arrived  to.    On  this  supposition,  we  have  the  two  first  of  the  follou  ing  theo- 
rems for  calculating  the  departure  from  the  difference  of  longitudf,  or  thf* 
difference  of  longitude  from  the  departure,  which  are  the  s^ime  as  Ttieo.  IfL 
and  IV.  of  Par:dlel  Sailing,  exccot  in  writing  departure  for  distaiice,  and 
middle  latitude  for  latitude :  the  other  theorems  are  easily  obtained  by  com- 
bining the  two  first  with  the  common  theorems  of  Plane  Sailing :  oL^trviti^ 
thai  the  Middle  Latitude  is  half  the  sum  of  the  tico  latitudes,  if  thti/  are  if  tiif 
same  name,  or  half  their  difference  if  of  contrary  names. 

THEOREM  I. 
As  radius  is  to  the  co-sine  of  the  middle  latitude,  so  is  the  difftrtnce  of  Inn^i- 
tude  to  the  departure.  . 

THEOREM  II. 
Am  the  cosine  of  the  middle  latitude  is  to  the  radius,  so  is  the  departure  to  fh^ 
difference  of  longitude. 

Now  by  case  I.  of  Plane  Sailin;:,  the  radius  is  to  the  sine  of  the  course,  .is 
the  distance  sailed  is  to  the  departure,  and,  if  we  combine  thi:i  analogy  witik 
Theorem  II.  we  shall  have, 

*  Uiiiif  (in  MliOMtlnirUie  diflbrenrr  of  lonciliHle  cormpoDilliiiF  in  vnch  of  tliir«e  idmII  iiMndUin  ili  - 
ttaen)  l&c  litifir  cormponding  to  the  nikhlle  point  of  the  nnface  un  whkh  time  iiiMiil  inenfliiTri 
<lii»mcct  mn  rtwcctlvHy  nuule. 

t  Tiiii  I*  Hue  la  Ikeorv,  nnd  would  bo  m>  In  practice,  if  the  meridloiud  dHIierence  of  tatituile  In  T«rJr 
m.  wcw  fhrm  to  ■  suAcieiit  naniber  of  derlmal*,  bvt  belngr  onlrfiven  to  the  nearest  wilf  nr  niimup, 
fte  mw  artilnc  fttim  thb  cme,  when  the  dHRprence  of  talhnde  is  small.  Is  gmUer  than  the  ^Tur  in 
■saddle km^e  snlllojr ;  in  coiHcqaencc  uf  thl«,  iW  method  bf  middle  latitQ«lf  H  itanMcxtflUMTflt  ii4.;  tr. 
xtk'  comiKm  operaAms  od  i hipbowd* 


(>S 
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THEOREM  III. 

As  thf  co-s'iM  of  the  midiUf  latitude  is  to  the  sine  of  the  course,  so  is  tl 
t'lnre  saiUJ  to  the  difference  of  lonf^itude.  "% 

By  Casi^  IL  of  Plane  Sailing,  we  have  this  analogy;  as  nidius  is 
lan'/rnt  ol"  th<!  course,  so  is  tin;  iliftcnjnce  of  latitude,  to  the  departur 
ronihining  lliis  with  Tlu-ureni  II.  we  have 

TIIROREM  IV. 

As  the  cosine  of  the  middle  latitude  is  to  the  tun^rnt  of  the  course,  sc 
difff-renee  of  latitude  to  the  diffrrcnce  of  longitude. 
Whence  we  easily  deduce  the  following, 

THEOREM  V. 

As  the  difference  of  latitude  is  to  the  difference  of  longitude.,  so  is  the 
of  the  middle  latitude  to  the  tans^ent  of  the  course, 

I5y  means  of  the  preceding  theorems  we  have  formed  the  following 
which  contains  Jill  tlie  rules  necessary  for  S(»lving  the  various  cases  otl 
Ijatitude  Sailing. 

MIDDLE  LATITUDE  SAILING. 


1  i.'a>c. 

Given. 

Sought 

SOLUTION. 

i       1 

Ilotb  Laliiude^ 

aud 

LongiiuUc. 

L)t>|)arture. 
Course. 

Distance. 

Hud.  *.  Ditr.  Lon?. : :  Co-kiue  MitL  Lat :  Dt-p. 

<  Difl".  Lau  :  Kad. :  :  Dtp. :  Tnne-  Course. 

{  Dil)'.  Lat. :  DiA'.  Loup.  :  :  Cos.  Mid.  Lat. :  Tang.  Course. 

Rud. :  DiA*  Lat*: :  Secant  Coulee  :  Di>tnncc 
!  Sine  Course  :  DepnrL  :  :  Kad. :  Distance. 

1 

I 

i(uth  Laiiiudet 

unit 

Departurp. 

CtHirse. 

Dirtance. 

Oifl*.  Lons:. 

Diff.  Lat. .  Rati. : :  Dep. :  Tang.  Coor.«e. 

Sine  Connie  :  Dep. :  :  Rnd. :  Distance. 

Cu  sino  Mid.  Liit :  Dep. : :  Rad. :  DiA'.  Long 

1      3 

1 

One  Latitude, 

Cotine  and 

Distance. 

DimUt. 

Departure. 
OiflT.  Long. 

Had. :  Disi. : :  Co-sine  Course  :  DiO*.  Lat. 

Hence  tlie  otlier  Latitude  and  Middle  Latitude  are  found. 

Rad. :  Dist. :  :  Sine  CkMirse  :  Dt^rture. 

5  Co-Sine  Mid.  LaU  :  Dep. : :  Had. :  DiA*.  Long. 

{  Co-8iiie  Mid.  LaL  :  Sine  Course  : :  Dist :  I^.  Long. 

;     4 

i 

Both  Latitiideii 
aadCoorM. 

Departure 
Distance. 

Dlff.  Lonf. 

Rad. :  DiflT.  Lat. : :  Taiig.  Course :  Disparture. 

Conine  Course  :  DiflT.  LaL  : :  Rad. :  Dbtance. 

5  Co-sine  Mid.  Ut. :  Dep. :  :  Rad. :  Diff.  Long.      ^ 

I  Cos.  Mid.  Lat. :  Tang.  Course  : :  Diff.  LaL  :  Difi  Long. 

f      . 

Both  Latitudei 
and  Dtaianoe. 

C'onrte. 
Dnarture. 
Uiff.  Lung 

Dist. :  Rad. : :  Diff.  Lat. :  Co-«inc  Course. 
Rad. :  DisL : :  Sine  Course  :  Departure. 
Co.slne  Mid.  LaL  :  Dep^ : :  Rad. :  DML  Long. 

! 

One  Latitude, 
Couneand 
Dt-parture. 

Diir.LaL 

Distance. 
Uiff.  Long. 

Rad. :  Dep. : :  Co-tang.  Coarse :  Diff.  LaL 

Hence  the  other  Latitude  and  Middle  Latitude  are  known. 

Sine  Course  :  Di^rture : :  Rail. :  Distance. 

Co-sine  Blid.  Lat. :  Dep. :  :  Rad. :  DUT.  Lung. 

7 
1 

One  Latitude, 

Distance  and 

Departure. 

Coune. 
DlflTLaL 

DItr.  Long. 

DisL  :  Rad. :  :  Dep. :  Sine  Course. 

Rad. :  DisL  : :  Co-sine  Course :  Diff.  LaL    Hence  we  obtain  t 

tatttude  and  middle  latitude. 
ICo-eloe  Mid.  Lat. :  Dep. :  :  Rad. :  Diff.  Long. 

We  shall  now  proceed  to  illustrate  these  rules,  by  working  an  exar 
every  case. 

CASE  I. 

The  latitudes  and  longiludts  of  two  places  given^  to  find  iheir  bearii 

distanct. 

Hequired  the  bearing  and  distance  between  Cape  Cod  light-house, 
latitude  of  42^  5'  N.  longitude  70©  4'  W.  and  the  island  of  St.  Marv,  i 
the  Western  Islands)  in  Uie  latitude  of  36^  ^^  N.  and  longitude  25^  li 


Cape  Cod's  lat    42°    5' N. 
St.  Mary's  lat.     36    59  N. 


DiT.  lat 


5 
60 


490    5' 
36    59 

Sum  79     4 


In  mflea      306 


Mid.  lat  39    as 


Long.  70^ 
Long.  25    1 

44    5 
60 


Diff.  long.     2694 


MIDDLE  LATITUDE  SAILING  J. 
BY  PROJECTION. 


r.f) 


Yarx^ 


Draw  ihp  cast  and  west  line  DC,  with  the  chord  of  CO^  descrihc  the  arch 
tj[S  about  the  centre  D,  to  cut  DC  in  Q :  upon  this  arch,  set  off,  from  Q  to 
^>i  th«  middle  latitude  S9^  ^^\  through  D  and  S  draw  the  line  DB,  which 
■^^  equal  to  the  difference  of  longitude  2694  miles;  from  B  let  faU  upon 
DC  tile  perpendicular  BC,  which  continue  towards  A  making  AC  equal  to 
the  difference  of  latitude  306  miles;*  join  AD,  and  it  is  done.  For  by  this 
niethdd  of  construction,  on  the  principles  before  explained,  A  will  be  the  si- 
tiurtion  of  Cape  Cod,  D  the  situation  of  St.  Mary ;  CD  will  he  the  departure, 
'^hich  being  measured  will  be  foimd  to  be  2078  miles;  the  distance  will  be 
"•preiented  by  AD,  which  being  measured  will  be  found  to  he  4099  miles, 
*w!  the  course  from  Cape  Cod  to  St.  Mary,  will  be  represented  by  the  angle 
CAD=r8lO  37';  therefore  the  course  will  be  S.  8lO  37'  E.  or  E.  |  S.  nearly. 

Note.  The  course  is  put  S.  81^  37'  E.  because  St.  Mary  being  in  a  less 
northern  latitude  than  Cape  Cod,  is  to  the  southward  of  it;  it  is  also  to  the 
wrtward  of  Cape  Cod,  because  it  is  in  a  less  western  longitude. 


BY  LOGARITH3IS. 


To  find  the  departure  (by  Theorem  1.) 
As  ndioi  90°  10.00000 

J"  to  diC  of  long.  269 1  3.43040 

'^  i>  cosine  mid.  lat.  39  ■  32'  9.89720 

"To  Uie  deiNirture  2078 


.  To  find  the  distance. 

A*Hdiiis90^ 

f  to  the  diff*.  of  tot.  306 

**»i«ec.  of  course  81^37' 


3.31760 


10.00000 

2.48572 

10.83626 


To  find  the  course. 
Asdifiloflat.  306 
Is  to  radius  45^ 
So  is  the  departure  2078 


2.48572 

10.00000 

3.31760 


Tojke  distance  2099  3.32198 

.  ^OTi.  The  log.  of  the  departure  above 
^  3.31760  is  rather  less  than  the  log.  of 
^<)^3.31765 ;  but  in  finding  the  course  bj ! 
^  depirturc,  I  hare  used  the  quantity  found 
y^  ^  first  operation,  and  shall  do  the  same 
^  tO  future  calculations. 


To  tang,  of  course  81^  37'  10.8318H 

Note.  The  course  may  be  found  withouf 
the  departure,  by  Thco.  V.  Middle  Latitude 
Sailin*. 

As  the  diff.  of  lat.  306  2.48572 

Is  to  the  diff.  of  long.  2694  3.43040 

So  is  co-sine  mid.  lat.  39^  32'  9.88720 


To  tang,  of  course  91^  37 


"J 


13.31760 
2.48572 

10.93188 


BY  GUNTER. 

Extend  from  the  radius  or  90<5  to  SO®  28'  the  complement  of  the  middle 
Jj'rtude,  on  the  line  of  sines;  that  extent  will  reach  from  the  diflerencc  of 
"''iisitude  2694,  to  the  departure  S078,  on  the  line  of  numbers. 

^y.    Extend  from  the  difference  of  latitude  SOB,  to  the  departure  !;:078, 

*  If  Ike  place  Abe  to  tbe  foudmard  of  I),  the  line  AC  kboukl  b«  Kt  off'  upon  \hc  Vbw  Ci^  Inna  v: 


l» 


MIUDLK  LATITI'DE  SAILING. 


cMi  the  line  oi*  iiuiiibrrH;  tliat  extent  \e ill  r<mrh  from  radium  or  4D^,  to  lU«* 
i;uur»«  ol^  37'  on  the  liiift  of  langt»nts. 

.idly.  Extend  from  the  course  81^^  37'  to  the  radius  90^  on  the  line  of  siD^ttv 
that  extent  ivill  renrh  from  the  departure  iii)7H  to  the  distance  2099  mi\€9 
on  the  line  of  numbers. 

BY  INSPECTION. 

Rule.  Look  for  the  middle  latitude,  as  if  it  was  a  course  in  Plane  Sailinc, 
and  the  difference  of  longitude  in  the  distance  column,  ojpposite  to  which,  in 
the  column  of  latitude,  will  stand  the  departure ;  havmg  tlie  difference  of 
latitude  and  departure,  the  course  and  distance  are  found  (as  in  Case  VI. 
Plane  Sailing)  by  seeking  in  Tab.  IL  with  the  difference  of  latitude  and  de- 
parture, until  they  are  found  to  agree  in  their  respective  columns;  opposite 
to  them  will  be  found  the  distance  in  its  column,  and  the  course  will  be  fbund 
at  the  top  of  that  table,  if  thi^  departure  be  less  ihan  the  difference  of  latitude, 
otherwise  at  the  bottom. 

Thus  with  one  tenth  of  tlie  difference  of  longitude  2G9.4  or  £69,  I  enter  Ta- 
ble II.  and  op))osite  to  it,  in  the  distance  column  of  the  Tables  of  S9^  and  40^, 
i  find  ^09.1  and  "206.1  in  the  latitude  column:  now  the  middle  latitude  being 
nearly  39^^,  I  take  the  mean  of  these,  !^07.G  for  the  departure,  which  being 
multiplied  by  10,  gives  the  whole  dep^irture  £076.  Again,  I  enter  Table  I,  witS 
one  tenth  of  the  departure  )207.6,  and  one  tenth  of  the  difference  of  latitude  S0.6 
and  fmd  that  they  agree  nearly  to  a  course  of  7^  points,  and  a  distance  of  £10, 
which  multiplied  by  10,  gives  the  sought  distance  SI 00  miles  nearly. 

CASE  II. 
Jiuth  latitudes  and  departure  from  tht  mtridian  f^ven,  to  find  tfu  eoune^  dif' 

tance^  and  difference  of  longitude. 

A  ship  in  the  latitude  of  49^  07'  N.  and  longitude  of  1 5^  16'  W.  sails  south- 
westerly till  her  departure  is  789  miles,  and  latitude  in  39^  sd'  N.  Requlrvd^ 
the  course,  distance  and  longitude  in] 


Latitude  led 
Latitude  in 

49-^ 
39 

57'  N. 
'20  N. 

DifT.  of  lat 

10 

37=637  xiSiles) 

^^QIU  of  lat9. 
Aliddle  lat. 

79 
44 

17 
38 

BY  PROJECTION. 
Draw  the  meridian  ACD,  on  which  take  AC  ^ 
equal  to  the  difference  of  latitude  6.S7  miles ; 
draw  CB  perpe.ndirular  to'  AC,  and  make  it 
equal  to  the  departure  789  miles;  about  B  as  a 
centre  describe  an  arch  ab,  on  which  set  off  the 
middle  latitude  44^  88' ;  through  B  and  b  draw 
the  line  BD,  meeting  ACD  in  D :  join  AB  and 
it  is  done;  for  AB  will  be  the  distance  sailed, 
which  being  measured  will  be  found  =:  1014 
miles ;  BD  will  be  the  difference  of  longitude 
7=1109  miles,  and  the  angle  CAB  will  repre- 
sent the  course  from  the  meridian  51°  &'. 

BY  LOGARITHMS. 


To  find  the  course. 

As  the  diff.  of  lat.  637  2.80414 

Is  to  radius  45<^  10.00000 

So  is  the  departure  789  2.89708 

To  tang,  course  51"^  5'  19.09294 

To  find  the  difference  of  longitude. 

As  co-sine  mid.  latiCude  44^  38'  9.85226 

U  to  Uie  departure  789  2.89708 

.So  is  radius  90^  10.00000 

To  iliflr.  of  lon^.  1109  3.044»:> 


To  find  the  distance. 
As  sine  course  51^  5' 
Is  to  the  departure  789 
So  is  radius  90^ 

To  the  distance  1014 


I'Ongitude  sailed  from 
Difl:  Long.  Il09.ltflle8 

Loni^udle  in 


9.89101 

2.89708 

10.00000 

3.00607 

is°  le'w. 

18    29  W. 
31    4*W. 


MIDDLE  LATITUDE   SxVILlNCi. 


1 1 


BY  GUNTER. 

l«t.  The  extent  from  the  difierence  of  latitude  637  to  the  departure  7S0,. 
OQ  tbe  fine  of  numbers,  will  reach  from  radius,  or  45^,  to  the  course  01^  5'  on 
the  Sue  of  tangents. 

idly.  The  extent  from  51  ^  5'  to  radius,  or  90^,  on  the  line  of  sinen.  \%-i1] 
reach  from  the  departure  789,  to  the  distance  1014  on  the  line  of  numbers. 

9d]y.  The  extent  from  the  complement  of  middle  htitude  45^  2£',  to  ra- 
dius, or  90^,  on  the  line  of  eines,  will  reach  from  the  departure  789  to  th^ 
of  longitude  1109  on  the  line  of  numbers. 


BY  INSPECTION. 

Rule.  With  the  diflerencc  of  latitude  and  departure,  find  tlie  course  an^ 
^rtance  (as  in  CaseVI.  of  Plane  Sailing)  by  seeking  in  Tab.  II.  until  the  dif- 
fcfnce  of  latitude  and  departure  are  found  to  correspond,  against  which  iu 
the  dirtance  column  will  be  the  distance ;  and  if  thtr  departure  be  less  than 
te  difference  of  latitude,  the  course  will  be  found  at  the  top  of  that  table-, 
otfierwise  at  the  bottom. 

Ilien  take  the  middle  latitude  as  a  course,  and  find  the  departure  in  tli^ 
latitude  column,  the  number  corresponding  in  the  distance  column  will  b^ 
the  (filerence  of  longitude.  i 

In  the  present  example,  I  take  one  tenth  of  the  difference  of  latitude  637, 
AndthccKparture  7C9;  that  is  63,7  and  78,0  the  nearest  numliers  to  thes^ 
are  CS,|  and  78,5,  standing  together  over  51^,  against  the  distince  161. 
which  bring  multiplied  by  10  gives  1010;  whence  the  course  by  inspection 
\i  S.  &P  W.  and  the  distance  1010,  Then  I  take  one  tenth  of  the  departure^ 
7S.9  aad  seek  it  in  the  colunm  of  latitude  of  45^  (which  is  the  nearest  to  the 
middle  latitude  4  P  38'),  the  nean>st  number  I  find  is  79.2,  opposite  which  in 
the  diitaiice  column  stands  11*2,  which  being  multiplied  by  10  pves  11-20  for 
the  difereoce  of  lonj^itude ;  this  value  differs  a  little  from  that  found  by  lor 
Jprithms,  owing  to  the  miles  of  nii<ldle  latitude  neglected,  for  if  we  were 
aho  to  find  the  difierence  of  longitude  for  the  middle  latitude  4(^  and  pro- 
pf^tion  for  the  minutes^  the  result  would  come  out  nearly  the  same  as  h\ 
lt«garithros. 


CASE  Ilf. 

w  latitiulf^  caurst  and  distance  given,  to  find  the  difference  of  latltmh  (Ouf 

difference  of  longitude, 

A  ship  in  the  latitude  of  42"^  .^0*  N.  and  longitude   , 
'*^J  51'  W.  sails  S.  E.  by  S.  091  miles.     Required  the 
latitude  and  longitude"  in  ? 

BY  PROJECTION.  ^ 

Dnir  the  meridian  ADE  (as  in  case  I.  Plane  Sailing)  .^ 
-  iipoo  A  as  a  centn*  describe  an  arch  with  the  chord  of  ^ 

^1  and  upon  it  set  off,  from  where  it  cuts  AD,  the  ^ 

'^Mffse  S.  E.  by  S.  or  3  points,  through  that  point  of  ^ 

^  arch,  and  the  point  A,  draw  the  line  AC,  which 

make  eifual  to  the  distance  591  miles;  from  C  let  fall 

Ofon  AD  the  perpendicular  CD ;  tlicn  will  CD  be  the  j^ 
dqarture338  miles,  and  AD  the  difierence  of  latitude 
4fl  miles.    Hence  we  obtain  the  latitude  arrived  at, 
and  the  middle  latitude ;  draw  the  line  CE  making  an 
aif  le  with  DC  of  38^  24'=the  middle  latitude ;  and 
lie  distance  CE  will  be  the  difference  of  longitude  419  ^ 
miki*.  hence  the  longitude  in  is  obfaihe.d. 


MIDDLi:  LATITUDE  SAILING. 


BY  LOGARITHMS. 

To  finil  the  difiercncc  of  latitude.  To.  find  the  departure. 


As  radius  8  pts. 

Ift  to  the  difflanct;  591 

So  is  co-sine  course  3  ^i^. 

Totiicdiff.  of  lat  491.4 


lO.QOOOOiAs  radius  8  pts. 
2.77l5<>Is  to  the  distance 591 
9.9l03;VSoissine  course  3  pts. 


10.000(10 
9.74474 


I^atitudc  left 
Difl*.  of  lat. 

I'atitudc  in 
Sum  of  lats. 
Middle  lat. 

T.ong;.  \v.n. 


42"- 

8 


30' N. 
li  S. 


2.69l44[To  tlic  departure  328.3  S.51633 

j        To  find  diff.  long,  with  departure. 
As  co-sine  mid.  lat  38^'  24'  9.8941o 


34 

76 

38 


19  N. 

49 

24 


53.M'W. 
Ditr.  oflong.  419=6   59  E. 

Longitude  in         51    52  W. 


|I»  to  tbc  departure  328.3* 
I  So  is  radiut<  90^ 

Ito  diflr.  of  long.  419  miles 
I  AVithout  the  departure. 

•As  co-sine  mid.  lat.  38*^  24'  ar.  co. 
[s  to  sine  course  3  pts. 
So  is  dbtance  591 


S..51(>3.1 
10.0000C 

S.6221S 

0.1058J 

9.74474 

Jt77l5^ 


To  diff.  of  long.  419  miles 

BY  GUNTER. 

lift.  Thp  extent  from  radius  ft  points  to  the  complement  of  the  course  S 
points  on  the  line  marked  SR,  will  reach  from  the  distance  591  to  the  differ- 
ence of  latitude  491  on  the  line  of  numbers. 

^dly.  The  extent  from  radius  8  points  to  the  course  3  points  on  the  line  SR. 
'^ill  reach  from  the  distance  591  to  the  departure  d£8  on  tiie  line  of  numbers. 

ddly.  The  extent  from  the  com])lement  of  middle  latitude  51^  S6'  to  ra- 
dius 90^  on  the  line  of  sines,  will  reach  from  the  departure  398  to  the  (Ter- 
ence of  longitude  419  on  the  line  of  numbers. 

BY  INSPECTION. 

Rule.  With  the  course  and  distance  find  the  difference  of  latitude  and 
departure  (as  in  Case  I.  of  Plane  Sailing)  by  finding  the  given  course  at  the 
top  or  bottom  of  the  Tables,  either  amongthe  points  or  degrees;  in  that  page 
and  opposite  the  distance  taken  in  its  column,  will  stand  the  difference  ol 
latitude  and  departure  in  their  columns.  Then  take  the  middle  latitude  an 
a  course  and  find  the  departure  in  the  latitude  column,  against  it,  in  the  dis- 
tance column  will  stand  the  difference  of  longitude. 

Thus,  under  the  course  three  points,  or  S.  E.  by  S.  and  against  the  tenth  cm 
the  distance  501=59,1  or  50  stand  40,1  and  .i!2,8  ;  these  multiplied  by  lOgir^ 
401  for  the  diffVrence  of  latitude  and  .S28  for  the  departure.  Now  tafiir^ 
tlie  middle  latitude  38^  iil4'  or  58^  as  a  course,  and  a  tenth  of  the  departu^ 
-528=3:1,8  in  the  column  of  difi*erence  of  latitude  (the  nearest  is33,l)agiui^ 
which  stands  4S  in  the  distance  column;  this  multipKed  by  10  gives  420  ^ 
the  difference  of  longitude  nearly. 

CASE  IV. 

Both  latitudts  and  course  given,  to  find  the  departure,  distance  and  difference 

longitude. 
Suppose  a  ship  sailing  from  a  nlace  in  the  latitude  of 
40°  57'  N.  and  longitude  of  30^  W.  makes  a^ course 
good  of  S..  39^^  W.  and  then  by  observation  is  in  the 
latitude  of  45^  31'  N. — it  is  required  to  find  the  distance 
run,  and  longitude  in  ? 

490  57'  N. 
45    .SI  N. 


Latitude  from 
Lat.  by  obsen'ation 


4     26 

60 


Diff".  lat. 

Sum  of  lats. 
iMid.  lat. 


266 


05O  28' 
47    44 


*  Tbe  lufnriihm  nfthr  d«i|innur»  w  found  by  the  pi^ir^ififf  cpnoD  to  be  2^^1633.  UiiTefiuC 
fintxt  ihe  logarithm  of  KG  3. 


MIDDLE  LATITUDE  SAILESG. 


'3 


BY  PROJECTION. 

ptaw  the  meridian  ACD,  on  wliich  set  ofT  AC  equal  to  the  dilTerence  ot' 

^-atitiide  866  miles ;  draw  CB  perpendicular  to  AC ;  draw  the  line  AB,  mak- 

anfig  an  angle  equal  to  the  course  39^  with  AC,  and  meeting  BC  in  B ;  througii 

'K  draw  BD,  making  an  angle  equal  to  the  middle  latitude  47^  44'  with  the 

'Bine  BC,  and  it  is  done ;  for  AB  will  be  the  distance  d'13.3  miles,  BC  the  de- 

£15.4  miles,  and  BD  the  diflerence  of  longitude  320.3  miles. 

BY  LOGARITHMS. 


To  find  the  departure. 
^Aftimdiiis45^ 
:m.«  lothe  diff.  of  lat.  366 
^5o  b  iiBg.  course  39^ 

Tothedqwrture  215.4 

To  find  tbe  distance. 
J^  co-dne  of  the  coun»e  Z*i^ 
X«tatfatdiCoflat.266 
£>«hndius90^ 


To  find  Ihe  difi*erence  of  longitude  bj  thie 
10.00000  departure. 

2.42483  As  co-sine  mid.  lat.  47-'  44'  9.82775 

9.90:i37  Is  to  the  departure  215.4  2.33^325 

So  is  radius  90^  10.000^ 


2.33325 


To  the  difTof  Ion?.  320.3 


2.505SU 


342.3 
To  find  the  longitude  in. 
^npbide  Miled  from  30-    0' W. 

^i:  10^320  miles  or  5    20  W. 


9.S9050The  diff.  of  long,  may  bo  found  without  (Se 
2.42-18e  departure,  by  Theo  IV.  mid.  lat  saifiAg. 
lU.OOOOOi     thus: 

As  co-sine  mid.  lat.  47^  44'  9.82775 

2. 53433: Is  to  tang.  o(^  course  39-  9.908'^7 

So  is  tbe  difi*.  of  lat.  266  2.4Sf488 


20 


12.33329 
9.82f75 

2.50050 


To  tbe  diff.  of  long.  3*30.3 

BY  GUNTER. 
1^  The  extent  from  radius  45  ~  to  the  course  39-  on  the  line  of  tangents,  will  refliCh 
^*W  the  difference  of  lat.  266  to  tbe  dei^irturc  215.4  on  the  line  of  numbers. 

^j.  The  extent  from  the  complement  of  Uie  course  51'^  to  the  radius  90^  onthelihe 
"^  UDei^  will  reach  from  the  diflerence  of  latitude  266  to  the  distance  342.3  on  the  libe 

^^dl^.  Tlie  atent  from  the  complement  of  the  middle  latitude  42^  16'  to  radius  90^  on 
^  Une  of  tiaea,  irill  reach  from  the  departure  215.4  to  the  diflerence  of  longitude  320.-3 
^A  the  line  of  munbers. 

BY  INSPECTION. 
J.   Pind  th*  course  among  the  points  or  degrees  (in  Tab.  I.  or  II.  as  in  Casft 
^';  Plane  Sailing)  and  the  difference  of  latitude  in  its  colunin,  against  whidi 
^'11  atand  the  distance  and  departure  in  their  columns ;  then  take  the  middle 
'^titude  as  a  course,  and  fmd  the  departure  in  the  latitude  column,  agaiDiit 
^"hich,  in  the  distance  column,  will  stand  the  difference  of  longitude. 
^^Tbus,  with  the  course  39°,  and  half  the  difference  oflatitude  133,  I  enter 
2:*^*®  II.  the  nearest  number  in  the  table  is  132.9,  which  corresponds  to  the 
'^^atancc  171,  and  to  the  departure  107.6 ;  those  doubled  give  the  distance  34'd, 
^'■d  the  departure  215,2  miles. 
^    ^Then  with  the  mid.  lat.  47^  I T  or  48^  as  a  course, 
r     ^oter  Table  II.  and  seek  for  half  the  departure 
z  ^"J-S  in  the  lat.  col.  the  nearest  number  to  which  is 
^•7-7,  which  corresponds  to  the  distance  161 ;  this 
^>obled  gives  the  ditf.  of  long.  322  miles  nearly. 

CASE   V. 
iaiiiude$  and  distai^  giren,  to  fnd  the  cotrrsf, 
dtpttrturty  and  difference  of  lonfritude. 
Suppose  a  ship  sails  300  miles  north-westerly,  from 
l^laee  in  tbe  latitude  of  37^  N.  and  the  lon{!;itu(l«; 
'  93?  It'  W.  un'til  she  is  in  the  latitude  of  41^  N.— 
|tAired  ber  course  and  longitude  in  ? 
^A}ibdeleft3r^  0' N.  S7-   0*  N. 


l^^tMeio    41     0 


41      0 


4 
60 


0 


\ 


I^i^iat.         240 


Sum    78 
MM.  lat.     39 

M 


o 

0 


1 


iMItlDLE  LATITUDE  SAILING. 


To  find  Ibe  conrcic. 

\s  the  distance  IMM) 

2.47712 

Is  to  radius  90  ' 

10.00000 

So  is  diir.  laU  240 

2..'?W)2I 

To  co-sine  coiin>c  .16 '  52' 

9.90309 

To  find  the  dcpiartiire. 

\s  radius  90'^ 

10.00000 

I?  to  th(i  distance  300 

2.47712 

So  is  sine  course  Zfi^  52' 

9.77S12 

To  the  dcpartftre  190.0 

2.^.i52'l 

BY   PROJECTION. 

Drnw  tho  meridian  ACD,  on  wliicii  set  oflT  DC  equal  to  the  Hifl'cteVicr  of 
latitude  flI40  miles ;  draw  the  line  CB  perpendicular  to  DC ;  take  the  dis- 
tance SOO  in  vour  compat^ses  and  with  oni:  foot  in  1),  as  a  centre,  sweep  an 
arch  ciittini;  CB  in  B;  join  DB;  make  the  angle  CBA  equal  to  the  middle 
latitude  S90  and  draw  BA  cutting;  DC  A  in  A,  and  it  ih  done ;  for  BC  will  be 
the  departure  180  miles,  BA  the  difference  of  longitude  S.SI.e  miles,  and  tlift 
allele  BDC  will  represent  the  ajigle  of  the  ship*s  course  with  the  meridian, 
M  luch  will  therefore  be  N.  BO^  Oa'  W. 

BY  LOGARITHMS. 

To  find  the  dificrence  of  longitude  by  th«^ 

departure. 
As  co-sinc  mid.  lat.  39  -  9.89050 

Is  to  the  departure  180.0  ^3.25584 

So  is  radius  90"^  10.00000 

To  diff.  of  long.  231.6  2.36474 

To  find  the  longitude  in. 
Longitude  left  32-'  16'  W. 

Diff.  of  long.  3    52  W. 

Longitude  in  3b     S  W. 

BY  GIJNTER. 

1st.  The  extent  from  <he  distince  .SOO  to  the  difference  of  latitude  240  on 
the  line  of  numbers,  will  reach  from  radius  90^  to  the  complement  of  the 
course =53'^  8',  on  the  line  of  sines. 

*Jdly.  The  exf«'nt  from  radius  90^  1o  the  course  36'^  52'  on  the  line  of  sine?. 
inli  reach  from  the  distance  300  to  the  departure  180  on  the  line  of  numbers. 

3dly.  The  extent  from  the  complement  of  the  middle  latitude  51°  to  the 
radius  90^  on  tlie  line  of  sines,  will  reach  frr>m  the  departure  180  to  the 
difference  of  longitude  !231.G  on  the  line  of  numbers. 

BY  INSPECTION. 

Find  the  course  (as  in  Case  IV.  Plane  Sailing)  by  seeking  in  Table  II.  till 
asraiiist  the  distance  taken  in  its  column,  is  found  the  difference  of  latitude  in 
Olio  of  the  following  columns;  adioining  to  it  will  stand  the  departure; 
which  if  less  than  the  difference  of  latitude,  the  course  is  to  be  found  at  the 
top  of  the  Table,  but  if  greater,  hi  the  bottom ;  then  take  the  middle  latitude 
;is  a  course,  and  find  the  departure  in  the  column  of  difference  of  latitudr* 
:israinst  which,  in  the  distance  column,  will  st.ind  the  difference  of  longitude. 

Thus  the  distance  300,  and  the  difference  of  latitude  240,  arc*  found  to  cor- 
respond nearly  to  a  course  of  37^,  and  a  departure  of  180.5:  then  taking 
the  middle  latitude  30^  as  a  course,  I  seek  (he  departure  180.5  in  the  latitude 
rolumn,  corresponding  to  which,  in  tlie  distance  column,  is  the  difference  of 
longitude  232. 

CASE  VL 
Onr  lat\tmh\  course^  and  drjHirture  f^iotii,  to  find  the    . 

difference  of  latitude ^  distance,  and  difference  of  Ion-    4- 

srifude.  Af""^ 

A  ship  in  the  latitude  of  50^  lO'  S.  and  longitude  of  30^  OO' 
F..  sails  E.  S.  E.  until  her  departure  is  957  miles ;  required 
her  distance  sailed,  and  latitude  and  longitude  in  ?  q 

BY  PROJrCTION. 
Draw  file  meridian  ACD,  nnd  parallel  thereto  at  a  distance W^ 
r-qual  to  the  departure  9o7  miles,  draw  Ihc  line  EB ;  makeN 
ihe  angle  CAB  equal  to  the  course  6  points,  and  draw  AB§1 
meeting  EB  in  B ;  from  B  let  fall  upon  AD  the  perpendicular^ 
BC  ;  then  will  AC  be  the  difference  of  latitude  396.4  mile^s, 
and  AB  the  distance  sailed  1036  miles ;  having  thus  obtained 
the  middle  latitude  SS-"  SS',  make  the  angle  CBD  equal  there- 
to, and  draw  BD  meeting  ACD  in  D ;  then  will  BD  he  the 
(iifferencc  of  longitude  1608  miles.  j) 


*  I'his  lotrnrithm,  liy  Uic  itrcvceding  operation,  was  round  equal  to  2J25821,  dithxlve  a  linls  TrMB  Uh> 
l-.«L'.vJtiim  .if  leao. 


i^lIDPLE  LATITUDE  SAILLNG. 


^o 


BY  LOGARITH>LS. 

Tq  find  tlic  diff.  orialikidc.  1  To  flud  the  distance. 

lO.OOOOOJ  .Ka  sine  counc  6  pointK 
2.9809lilft  to  the  departure  9S7 
9.6l722jSo  is  radius  6  points 

To  the  dbtancc  1036 


A«  nkdius  4  pohits 

ts  to  tlK  departure  957 

So  is  co-tsng.  course  6  points 

Tothediff.  oflat.  3%,1 

LatiCiideleft 

DiflC  of  lat.  3%  miles 

Lititude  in 
Suun  of  latitudes 
Mvidk  latitude 


9.9656S 

9.98091 

10<0000U 


2.59813 

60-  lO'  S. 

6    36  S. 


56    46  S. 
106    56 

53    38 
I^ongitudc  led 
Dlff.  of  long.  1608  _ 

Long,  in  56 

BY  GUNTER. 


3.015^9 
1*0  tind  the  dilf.  of  longitude. 
Ks  co-sine  mid.  lat.  53"^  28^  9.77473 

U  to  the  departure  957 
So  is  radius  90-^ 

Tuthcdiflf.  of  long.  1608 
30*-  00'  E. 
=         26    48  E. 


8.99091 
10.00000 

3.2061?* 


48  E. 


IsL  The  extent  from  the  course  6  points  to  the  radius  4  points,  on  thje 
line  marked  TR,  will  reach  from  the  departure  907,  to  the  difference  of 
latitude  396,4  on  the  line  of  numbers. 

idly.  The  extent  fmm  6  points  to  the  radius  or  8  points,  on  the  line 
muked  SR,  will  reach  from  the  departure  957,  to  the  distance  1036,  on  the 
liK  of  numbers. 

8dly.  The  extent  from  the  complement  of  the  middle  latitude  96^  d£'  to 
the  raidius  00^,  on  the  sines,  will  reach  from  the  departure  067,  to  the  differ- 
ence of  longitude  1608,  on  the  line  of  numbers. 

BY  INSPECTION. 

Find  the  course  among  the  points  or  degree^),  Tab.  I.  or  Tab.  II.  (as  in 
Case  III.  Plane  Sailing)  and  the  dep;irture  in  its  column,  corresponding  to 
which,  in  the  columns  of  distance  and  difference  of  latitude,  will  be  found 
the  distance  and  difference  of  latitude  r(*spec(ively  ;  then  with  the  middle 
latitude  as  a  course,  seek  tlie  depiu-ture  in  the  column  of  latitude,  correspond- 
io£  to  which,  in  the  distance  column,  will  stand  the  difference  of  longitude. 

Thus,  I  enter  Table  I.  above  E.  S.  E.  or  6  points,  and  seek  for  one-tenth 
of  the  departure  95.7,  the  nearest  to  which  is  96,1,  and  the  corresponding 
immbers  are  104  and  39,8,  which  multiplied  by  ten  gives  the  distance  1040 
and  the  difference  of  latitude  398  nearly;  the  middle  latitude  being  nearly 
^3|^,  I  seek  in  the  Table  of  59^  for  the  distance  corresponding  to  a  tenth  of 
the  de]Mrtiirei=:95,7  and  find  it  to  be  159 ;  then  I  seek  for  the  same  nimiber 
9I>,7  m  the  Table  of  54^,  and  find  the  number  corresponding  m  the  distanct^ 
coliAnn  to  be  1B3,  half  the  siun  of  these  two  numbers  is  161,  which  multi- 
plied  by  10  gives  the  difference  of  longitude  1610  nearly. 

CASE  vn. 

(hilalitudt^  distance  sailed,  and  departure  from  the  meridian  given^  tofnd  th 
c&ursej  difference  of  latitude^  and  difference  of  longitude^ 

A  ship  in  the  latitude  of  49^  30'  N.  and  longi- 
tude of  45^  0'  W.  sails  south-easterly  615  milen      n* 
until  her  departure  from  the  meridian  be  50i>    ^■ 
■ika;  required  the  course  steered,  and  the  la-    ^ 
titode  and  longitude  the  ship  is  in  ?  r^ 

BY  PROJECTION.  S 

Draw  the  line  BD  equal  to  the  departure  500    ^ 
■iln,and  per]>endicular  thereto  draw  the  meri-    *  I 

*»ii  line  ABC  ;  take  an  cxteut  eoual  to  the  dis-    i» 

taoff;  645  in  your  compasses,  ana  with  one  foot 
IB  Das  a  centre,  describe  an  arch  cutting  AB  in 
A.  join  AD,  then  will  AB  be  the  difference  of 
latitude  407,5  miles,  and  BAD  the  course,  S. 
^  49'  E.  Hence  we  have  the  latitude  in,  and 
tniddle  bititude ;  make  the  angle  BDC  equal  to 
tke  middle  latitude  and  draw  DC  cutting  ABC 
n»  C,  then  DC  will  be  the  difference  <n  lon{i[i-  (J 
twle7ei.l  mile^. 


ItDDLL   LATTTUDE  sJ 


.>»j- 


BY 

T I  Jlmi  uw  fonacsK,  ff  arimife  kft 

IP  B  4bB  4ef«rture  >(»  ±ii9S97  ffantnifi*  in 


T#jiw  I'— iw  SflF^-ty  9-399ti  Sob  ifthelousiies 

Ttt  iad  lbs  iM I  <sf  ktiCBde.  Sfkidie  *iacirBk 

an  ■  faanr  etnne  iO^  ^  ?.T«>3e 


1l»fc«C4flac«7^  2^1014 

To  iad  the  dSArmet  oihamptaae,         LacgjacA  left 
Am  eo-«ae  oud.  bt.  4^-  4'  9.>ft/^  CuTUmis.  7:>l 

il  to  dK  <feptftBR  JiM  ±l»e«7 

So  ■  nMam  W-  l»?.0QiiiJO  Lancmde  m 


To!lBdi£orioag.73l.l  i.5J799 

BT  GCTiTER. 

liiC.  The  extent  firom  the  distuirv  »(4j.  to  th«  departure  ^0< 
M  liumbeia,  irfll  reach  firom  the  radiiu  ':«J- .  to  the  cour*e  M^  4 
ofibes. 

fdljr.  Th^  extent  from  radhz?  94*-.  to  the  o^mpleiiient  of  th 
1  \\  4m  the  fine  of  sinea.  will  reach  fn-'si  the  distance  645  to  1 
of  bttode  44if7.i  on  the  fine  of  number*. 

9Mj»  The  extent  from  the  complemeat  of  the  middle  htit 
t^  Hkt  radfaB  90^  00  the  Roe  of  sines,  will  reach  from  the  depai 
the  diicfcnce  of  loagitGde  7^1.1,  on  the  !iae  of  numbers. 

BY  INSPECTION. 

As  in  Case  V.  Phne  Saffin^.  find  the  course  bj  seeking  in 
•IQMntt  the  diftance,  in  iti  column,  is  found  the  inren  departure 
foUowior  eohnnns,  adjoining  to  which  in  the  other  column  will 
ence  of  latitiide,  whicn  if  greater  than  the  departure  the  course 
tup,  but  if  lev  the  conne  will  be  found  at  the  bottom.  Then  1 
Hie  latitoide  as  a  course,  and  find  the  departnie  in  the  cohnnn  of 
latitude,  aninst  which,  in  the  distance  colunm,  will  be  found  t 
of  loogitiide. 

Thus,  onethbd  of  the  distance,  215,  and  one-third  of  the  dep 
are  found  nearly  to  correspond  to  a  course  of  51  degrees,  anc 
of  btitude  oi  199,5,  which  multiplied  by  5  inves  the  sought 
latlbide  406  nearly ;  then  with  the  middle  latitude,  46^,  as  a  c< 
the  TMtf  and  seek  for  on»-fifth  of  the  departure =100.  in  thi 
liam,  the  distance  corresponding,  144,  bebg  multiplied  by  5  gii 
€|ice  of  longitude  7tO  nearly. 

QUESTIONS  FOR  EXERCISE^ 

QfttiHtm  I.  Required  the  bearing  and  distance  between  twc 
in  &  latitude  of  97^  55'  N.  and  longitude  of  54^  29^  W.  the 
latitude  of  9SO  SS'  N.  and  longitude  of  17<>  5'  W.  ? 

AnmKT.    S.  8OO  9"  E.  and  N.  80^:9'  W.  distance  1854  miles 

<{MBifjofi  II.    Required  the  direct  course  and  distance,  from  '< 
latitude  of  36^  55'  S.  and  longitude  of  Z(P  0'  E.  to  another 
Utitude  of  92^  98'  S.  and  longitude  of  8<>  54'  W.  ? 

Antwer.    N.  79°  46'  W.  distance  1447  miles. 

HwaHim  III.  A  ship  from  the  latitude  of  87^  30'  S.  and  long 
£.  sails  N.  790  56^  W.  202  miles;  required  the  latitude  and  lor 

Antwer.    Latitude  96<^  55'  S.  longitude  55^  50'  E. 

qvatkm  TV.  A  ship  from  the  latitude  of  94^  95^  N.  and 
450  IS'  W.  sails  S.  89^  96'  E.  1 01  nules ;  required  her  latitude  an 

jtfuioftr.    Latitude  94<3  24'  X.  longitude  4.so  14'  W. 


t  I 


3JERCATOR'S   SAILIjNG. 

THE  calriilations  by  Middle  Latitude  Sailing  are  suflioiently  exact  fur  d 

s?iurf  nin,  or  a  day's  work,  and  are  to  be  preferred  in  all  cases  where  tliK 

dilference  of  latitude  is  sin.i!!  in  comparison  of  the  difference  of  longitude; 

l)ut  this  method  is  liable  to  great  errors  in  calculating  the  situations  of  places 

differing  greatly  in  latitude  and  longitude,  particularly  in  high  latitudes ;  to 

remedy  this  inconvenience,  a  chart  was  invented  and  publiijhed  in  the  year 

liide.  by  Gerard  3Iercator,  a  Flemish  Geographer,  in  \vhich  all  the  meri- 

Allans  are  parallel  to  each  other,  but  proportionally  lengUiened  so  as  to  con- 

form  to  the  spherical  figure  of  the  earth.    The  principles  on  which  this  chart 

li!  constructed  were  first  explained  in  the  year  1599,  by  Edward  Wright,  an 

iiingKsbman,  and  are  ns  follows. 

By  Theorem  II.  of  Parallel  Sailing,  the  distance  of  two  meridians  corres- 
ponding to  a  degree  or  mile  of  lnn|:;itude,  in  any  latitude,  is  to  the  length  of 
a  correspondini^  decree  or  mile  of  the  meridian,  as  the  co-sine  of  the  latitude 
i^to  tlie  radius,  that  is  {by  Art.  LVI.  Gno.)  as  radius  is  tu  the  secant  of  the  lati- 
f'lde.    Hence,  if  the  meridians  are  supposed  to  be  parallel  to  each  other,  or 
fhe  distance  of  the  meridians  to  remain  iUt  same  in  e\ery  latitude,  the  de- 
cree or  mile  of  latitude  must  be  increased  in  proportion  to  the  secant  of  the 
'^titude.     Therefore,  if  the  radius  be  supposed  to  be  e(|ual  to  one  mile,  the 
'•"igth  of  the  first  mile  of  latitude  from  the  equator  will  be  represented  by 
"ie  secant  of  1',  the  second  mile  by  the  secant  of  2'.  the  third  mile  by  the 
y;cant  of  3',  &c.    Therefore  the  leufith  of  the  expanded  arch  of  the  meri- 
*"«an  may  be  found  by  a  continual  addition  of  secants,  to  every  degree  anrl 
^'iftute  of  the  quadrant,  as  in  Table  III.  by  means  of  which  the  chart  (called 
-U»-rcator*s  chart)  may  be  constructed,  and  all  the  cases  of  Mcrcator's  Sailio|^ 
*^ay  be  projected  and  calculated.* 

In  urinp  this  table,  the  degrees  are  to  be  found  at  the  top  or  the  bottom, 

*^d  the  miles  at  the  side;  in  the  an^le  of  meeting  will  be  the  length  of  the 

^^•rresponding  expanded  arch,  usually  called  the  meridional  parts.     If  you 

^^Lshtoflnd  the  arch  of  the  expand»'d  meridian  iiiter<:cpted  between  any 

•  ^^o  paralMs.  or,  as  it  is  usually  called,  the  mtridional  difference  of  latitadtf 

*> Xju  must,  vhtn  both  places  are  on  thr  same  side  of  the  equator,  subtract  th: 

*^*mdumal parts  of  the  lesser  latitude  from  tht  meridional  parts  of  the  grf4iter, 

^^•^^  Tfrnaindtr  will  be  the  meridional  difference  of  latitude:  but  if  they  are  nn 

^^^jfftrfHt  sides  of  th^  equator,  the  sum  of  the  meridional  parts  of  both  lati(udi£i 

*^^*V/  be  tht  mtridiunal  differs  net  of  latitude  rf  quired. 

EXAMPLE  I. 

^Required  tlie  meridional  parts  ctirresponding  to  the  latitude  of  42^  S4'  ? 

Look  in  the  bottom  or  top  of  the  t«ible  lor  4S^,  marked  42  d.  and  in  th^ 
It  or  left  hand  column  marked  (M)  fur  St\  under  the  fonner  and  opposite 
litter  stand  28-28,  the  meridional  jmrts  corresponding  to  42^  34'. 

kMFLe  II.     Required  the  Mcriilional  d  if-!  Fa  ample  111.     Required  the  meridional  dif- 
ference of  latitude  itetwecn  Ca{>c  Coil,  in'     fercnec  of  latitude  between  a  place  in  the 
«hc  laL  of  42    5'  N.  aud  the  Island  of  St.'     lat.  of  :\o    12'  N.  and  the  Cape  of  Good 
'SMaiy,  ia  the  latitudt;  of  36  ^  59'  N.  /        J     Hope,  in  the  latitude  of  34-  26'  S.  ? 
^^  Cod'«  lat.  4*-    .V  N.   Mer.  parts  STSSl  Ut.  35    H'  N.  Mrr.  par.  2259 

^-  Mao's  Ut.  36-  59*  N.   Mer.  parts  S.TMC.ofG.lIopc'slat.  3^1-  26  S.  Mer.  par.  22ft:; 

'^^ridxonal  difference  of  latitude  S^jTSuin  is  meridional  difSVrenre  of  lat.       4462 

From  these  prineipli's  it  follows,  tliat  in  sailing  upon  any  cruirse,  thr  true 
^"  proper  difference  of  latitude  is  to  the  df.parture  as  the  meridional  diffi  rencr 
J^  latitude  ts  to  tht  difference  of  lonsritudc.  Hence  if  MI  (in  the  figure  <if 
■^  ase  I.  following)   be  the  proper  diiference  of  latitude,  lO  the  departure, 

TW  nMumar  of  conslmetiiif  Ib'w  cliartwill  be  pnrtlcuUirij  vxplaiiifil  hermiA«r.    It  niay  lie  iib«cr«-t>(I, 

^^.^       Utt  MMiUer  the  tubdivbions  of  thr  arch  of  the  incrkllan  are,  the  ;:realer  will  be  the  nrrurHcy  nt'  flu; 

^^  VnUin]  lesfth  oC  ibe  crpawleii  nnli  of  lli^jne rklfam.    To  be  jierfectly  accurate  ihe  nrrh  ousrht  to  \^ 

'^^"^'^^MMled  iaio  the  smalli^  qiiat>titi«>9  ptmlbw.    A>rcn(ioii  was  paid  to'ihls  circum<lnnce  in  CiirciiViuts 

**^  *rin%e^nieMloBeft  Tj*fif. 


jMercator^s  sailing. 


JVIO  the  distance,  the  an^U"  IMO  the  coiLrsie,  and  wc  take  MT  equal  tu  tlDf* 
jueridiunal  diflferenee  of  latitude,  and  draw  Tli  parallel  to  TO  to  cut  MO 
rontinued  in  H ;  the  line  TH  will  represcMit  tlie  diflerence  of  longitude :  for 
(^  Art.  lAU.  Geom.)  MI  :  lO  :  :  MT  :  TH.  N<»w  in  the  triangle  MTH,  by 
inaking  MT  radiuK,  we  have  MT  :  radius  : :  TH  :  tang.  TMH,  that  is  f//e 
jntridiimal  difference  of  latitude  is  to  radius,  as  the  difference  of  longitude  is  to 
the  tangent  of  the  course.  By  making  MH  or  TH  radius  we  sliall  have  other 
analogies,  which  combined  with  those  in  Plane  Sailing,  furnish  the  solutions 
of  the  various  cases  of  Mcrcator*s  Sailing  contained  in  the  following  table* 


MERCATOR'S  SAILING. 


C'Bie. 


Given. 


Uotb  Latllurtn 

ami 

Longitudes. 


Uutli  Utltudef 

and 

Departure. 


SlHIC^llt. 


Course. 
Distance. 

Departuiv 


Cuurso. 
Diftance. 

DifT.  Lung 


One  LatitUfte, 

Courw 

and 

Distance. 


Doth  Latituileh 
and  Course. 


JiiAh  LaU'.udM 
and  Dbtaure. 


DepArturc. 
DUr.  Lat. 

DifT  Long 


Distance. 
Departure. 

Difl:  Looi^. 


Course. 
Druorture. 
IHfl*.  Lonp. 


One  Latitude, 
Course  and 
Departure. 


Dirr.  Lat. 

Distance. 
Difl*.  Long. 


SOLUTIONS. 


UaviDi  both  lats.  t)ie  nier.  diff.  lat.  is  found  by  Table  111. 
Mer.  Din.  Lat. :  Knd  : :  DilT  Long. :  Tang.  Course. 
Rad. :  Pro)).  Difl*.  Lot. :  :  Secant  Course  :  Disunoe. 
Co-Sine  Course  :  Trop.  Diff.  Lat. : :  Had. :  Di»Uiice. 
Rad. :  Prop.  Diff.  Lat  i :  Tang.  Cuurse  :  D«)iartuFe. 
Mer.  Diff.  LaL  :  Diff.  Long. : :  Prop.  Diff.  La^ :  Dt'iiart. 
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Merid.  Diff.  Lat  Iwing  found  by.  Table  lit.  we  hB%c 
Prop.  Diff.  Lat. :  .  Rndius  :  :  Dfparture  :  Tone.  Course. 
(  Radius  :  Fn>i».  Diff.  Lat. :  :  Sec  Course  :  Distance. 

Sine  Courste  :  Dciiarture  : :  Radius  :  Distance. 

Rad. :  Me-r.  Diff.  Lui. :  :  Tang.  Course  :  Diff.  Lnn?. 

Prop.  Diff.  Lat :  Dc^. :  :  Mcr.  Diff.  Lat. :  Diff.  Long. 


Radius  :  Distance  :  :  Sine  Ciiur^e  :  Departure. 

Rad. :  Di>i. : :  Co-sln«  Course  :  Prop.  l>iff.  Lut     Hence  we  have  ihf 

other  Liiitude  and  iner.  tiiff.  lat.  bv  Table  IIL 
Roa. :  Mer.  Diff.  Lat :  :  Taug.  ('uune  :  Diff.  Long. 


Uo-sliM  Course  :  Fro|».  Diff.  Lat : .  Rad. :  Dist 
Rod. :  Vnvp,  Diff.  Lat : :  Tan|{.  Counf  :  Departure. 
Mer.  dm.  lat  being  found  In  Table  IIL  we  have 
Rod. :  Mer.  Diff.  Lot.  : :  Tang.  Cowne  :  Diff.  Long. 


Olsl. :  Rod. : :  Prop.  Diff.  Lat :  Oo-slne  Course. 
Radius  :  Distance : :  Sinc-Cuune  :  Deparlurr. 
Bad. :  Mer.  Diff.  Lat :  :  Tang.  Course  :  Diff.  Long. 


Itad. :  Depi : :  Co-tanic.  Course  :  Prup.  Diff.  Lat. 

Ilence  we  have  tbe^itber  laiiluiie  and  mer.  difll  latUudc. 
Sine  Course ;  Departure  : :  Radius  :  Di<itaiiop. 
{  Rad. :  Her.  Diff.  Lat. : :  Tang-  (>Nirse  :  Diff.  Long. 
\  Prop.  Diff.  Lat :  Dvp. :  >Uer.  Diff.  Lat :  I>iff.  Lc»ng. 


One  Latitude, 

Distance  and 

Departure. 


CuuTke. 


Dist.  :  RatL  :  :  Dep. :  Sine  Course. 

nur  Lbi    i*^''*'-  '  ^'**^  '•  ■  Co-«tiie  Oourse :  l>iff. 
*'**'  I     latitude  and  meridian  difference  ] 
niff"  r  o..»  >  V  Red. :  Mer.  Diff.  Lat : :  Tang.  Courst* :  Diff.  Lone. 

WUI.   J^Ong  ,   J    p^^p      ly^    J^^   .    y^p^   ,   .    .^,^      j^j^    jj^^    .    j,.^     j^^^^ 


Lat.    llcuce  we  oblaiu  the  ockei 
latitude  and  meridian  different***  latliudr. 


-, 


CASE  I. 

The  latitudes  and  longitudes  of  tico  places  giwn,  to  find  the  direct  course  and 

distance  tHtuxen  them. 

Retiuircd  the  bearing  and  distaDcc  from  Cape  Cod  Light  House  in  the  laUtuda  4f 
■12  o'  N.  and  longitude  7U^  4'  W.  to  the  island  of  St.  Mar}-,  one  oi  tlie  Western  bUnds, 
jii  the  latitude  of  Mi^  69^  N.  and  longitude  of  ^3    lU'  W.  / 

5'N. 


Capo  Cod's  lat.  42^ 
St.  Mary'a  lat.  3(>    54 


Meridional  parts  2788 
N.  Meridional  parts  :?J*J1 

Mir.  tliii".  lat.         y)7 


Long.  70^    4'  \\\ 
25     10  \\. 


4t     54 
64) 


DiiVciciirc  of  lat.    3Ub  inik-s. 


Dift*.  of  lonpr.    2*.<l|     inilr>. 


i5V  rilOJKCTIOX. 


»i» 


QSfiJtfhry 


AIERCATOR  S  SAILING. 


7-<^ 


Draw  the  meridian  3IT  equal  to  the  meridional  difference  of  latitude  35T 
miles,  set  off  also  upon  it  MI  equal  to  the  proper  difference  of  latitude  SOB 
miles;  perpendicular  to  MT  draw  TH  and  lO,  make  TH  equal  to  the  dif- 
ference of  longitude  2694  miles,  draw  MH  cutting  TO  in  O;  then  will  the 
an^cTMH  be  the  course  S.  81^  37'  E.  and  OM  the  distance  2099  miles;" 

BY  LOGARITHMS. 

To  find  the  coune.  To  find 'the  distance. 


2.59879 

lO.OOOOG 

3.43040 

10.83161 


As  radius  90^^ 

is  to  the  proper  diff.  of  lat.  306 

So  is  secant  of  course  81-  37' 

To  the  distance  2099  miles 


io.oeoon 

2.48572 
10.8S626 

3.32l9iy 


.4s  the  mer.  diff.  of  lat.  397 

Is  to  ndiufl  45^ 

So  is  the  diff.  of  long.  2694 

T«  tans*  of  course  81  -  37' 

BY  GUNTER. 

Irt.  Extend  from  the  meridional  difference  of  latitude  397  to  the  differ- 
ence of  longitude  2694  on  the  lino  of  numbers ;  that  extent  will  reach  from 
the  radius  or  45^,  to  the  course  81^  37' on  the  line  of  tangents. 

tdlj.  Extend  from  the  complement  of  the  course  8^  Z5'  to  radius  90^  on 
tbeline  of  sines,  that  extent  will  reach  from  the  proper  difference  of  latitudes 
306,  to  the  distance  2099  on  the  line  of  numbers. 

BY  INSPECTION. 

With  the  meridional  difference  of  latitude  and  difference  of  longitude  used 
»  difference  of  latitude  and  departure,  find  the  course,  by  inspecting  thei 
tables  until  those  numbers  are  found  to  correspond ;  with  this  course  and 
tbfproper  difference  of  latitude,  find  the  corresponding  distance. 

Thus  one  tenth  of  the  merid.  diff.  lat.  and  diff.  long,  are  found  to  agree 
Miriyto  a  course  of  7j  points;  this  course  and  one  tenth  of  the  proper 
tfilference  of  latitude  30,6  is  found  to  correspond  to  the  distance  209 ;  this 
multiplied  by  10  gives  the  distance  2090,  difiering  a  little  from  the  result  by 
Uganthms,  owing  to  the  neglect  of  a  few  minutes  in  the  course. 

CASE  II. 
^oik  kHittuUs  and  tht  dejxxrhtrc  g-ttvn,  to  find  ike  course,  distance,  and  differenrt 

oflongUude,  A 

A^shipm  the  latitude  of  49^  57'  N.  and  longitude  of 
IP  IS' W.  sails  south-westerly  until  her  departure  is 
~S9ii3h,  and  then  by  observation  is  in  the  latitude  of 
d9^1<f.  required  hf /course,  distance  and  longitude  in  ? 

Ut  left    49^  57'  N.  Mer.  parts    3-170 

Ul  IB       39    20  N.  Mer.  parU    2571 


I>iCkL     10    37=637iD.  Mer.  diff.  lat  899 


C       Diff.  Long, 


BY  PROJECTION. 

^ith  the  proper  difference  of  latitude  and  departure,  project  as  in  Case 
^1*  Plane  Sailini;,  by  drawing  the  meridian  AEB,  on  which  take  AE  equnf 
••  the  proper  difference  of  latitude  637  miles  ;  erect  ED  perpendicular  to 
.4E  and  make  it  equal  to  the  departure  789  miles:  join  AD  and  continue  it 
^owttds  C:  make  AB  equal  to  the  meridional  difference  of  latitude  899 
"Hkiiand  draw  BC  perpendicular  to  AB,  to  cut  AC  in  C,  and  it  is  done. 
For  AD  will  be  the  distance  1014  miles,  BC  the  difference  of  longitude  1114 
«fles,  and  the  andc  BAC  will  be  the  course  S.  5l0  5'  W. 


BY  LOGARITHMS. 


To  find  the  coarse. 
A*  the  proper  diff.  of  lat  637 
htondiaB45-' 
^  is  tke  departure  789 

To  liBg.  coune  sr^o' 

To  find  the  diff.  of  long. 
As  fsdiiit  45^^ 

b  to  DMT.  diff.  of  lat  899 
^iitaiig.coiiffe51^  ^ 

Tbdiff.of  !ons:llll 


To  find  the  distance. 
2.804141  As  radius 

10.00000  Is  to  prop,  diff  of  lat  637 
2.89708  So  is  sec.  coune  51^  y 

10.09294  To  the  distanoe  1014 

longitude  left 
lO.OOOOO'Diff.  of  long.  1114        r:^ 
*-55376  longitude  in 


10.09294 


3.04670 


lO.OliOilfr 

2.80414 

10.20191 

3.00605 

IS'^  16^  W. 

IS  34  W. 

33 


50  y\. 

The  diff.  of  lonpr.  may  also  be  foond  \fy 
saying,  a<i  prop.  ditf.  of  laK  :  dop.  :;  mer. 
diff.  lat.  :  difl.  Of  \fSU%, 


BY  GU.NTER. 

I'Jl.  The  extent  from  the  diff.  of  lat.  6S7  to  the  dep.  789  on  the  line,  of 
lumbers,  will  reach  fnjin  radi'js  4j^  to  the  course  ^t^  5'  on  the  line  of 
tangents. 

^dly.  The  rxteiit  fn>n3  the  rnurse  01^  j'  to  radius  90^  on  the  sines,  will 
n?&chYrozn  thr  departure  7u0  to  tiic  distance  1014  on  the  line  of  numbers. 

Sdly.  The  extent  from  the  radius  40^  to  the  course  i>l°  5'  on  the  line  of 
tangents,  will  reach  from  the  nierid.  diff.  of  lat.  899  to  the  diflerence  of 
fooj^tude  1114  on  the  line  of  numbers. 

BY  INSPECTIOX. 

Find  the  course  by  Plane  Sailing.  Case  Xl.  by  seekini;  in  the  tablet  with, 
the  proper  difference  of  latitude  and  departure  till  they  are  found  to  agree 
in  their  respective  columns,  corresponding  to  wliich  will  be  the  distance  iii 
it«  column,  and  the  course  will  he  f«iund  at  the  top  of  tliat  column  if  the  de- 
parture is  less  than  the  proper  differenre  of  latitude,  otherwise  at  the  bottom; 
with  the  same  course,  find  the  meridional  difference  of  latitude  in  the  latitude 
rohimn.  corresponding  to  which  in  the  departure  column  will  be  the  true 
difference  of  longitude. 

Thus  with  one  tenth  of  ttie  true  difference  of  latitude  and  departure  68,7 
and  7d,9,  I  find  the  course  jl^,  and  the  distance  IDI.  which  multiplied  by  10 
crives  nearly  the  true  distance  1010;  in  the  same  table,  opposite  to  one  tenth 
tff  the  meridional  difference  of  latitude  89,9  I  find  the  departure  111,1,  which 
multiplied  by  10  gires  tlic  difference  of  longitude  1111  miles. 

CASE  III. 

Ont  lalitudt,  course,  and  distance  sciv^n,  to  fnd  the  difference  of  latitude  and  ^- 

diffcrence  of  lonscitude, 
A  ship  in  the  latitude  of  42^30'  N.  and  longitude  of  58^  51'  W.  sails  S.  \V.  - 
>>y  S.  591  miles :  required  the  latitude  and  longitude  in  ? 

A 
BY  PROJECTION. 

Oraw  the  meridian  ABC,  and  ADE,  making  an 
bnglc  with  it  equal  to  the  course  S  points,  make  AD 
v>qual  to  the  distance  sailed,  591  miles,  and  from  D  let 
fall  upon  AB  the  perpendicular  BD  :  then  will  BD  be 
the  departure,  and  AB  the  difference  of  latitude,  491 
miles.  Hence  we  have  both  latitudes,  and  the  meridi- 
onal difference  of  latitude,  to  which  make  AC  equal, 
and  draw  CE  parallel  to  BD  meeting  ADE  in  E,  then 
wflJ  CEbe  the  difference  of  longitude,  419,6  miles. 

BY  LOGARITHMS.  Diff.' Long 

To  find  Ibe  diff.  of  latitude.  |       •     To  find  the  diff.  of  ionntude. 

As  fadiiis  8  pointo  lO.OOOOOjAs  radius  4  points  lO  OOOQD     ^ 

U  to  the  distance  591  2.77l59il8  to  the  mcr.  diff.  of  lat.  628  %7979f^-^ 

So  is  co-sine  course  3  points  9. 91985!  So  is  tang,  course  3  points  9.82489*-^ 

To  prop.  diff.  lat.  491.4  2.69"l44!To  diff  of  long.  419.6  2.6S285     - 

I^atlefl  42"  SO' N.  Mcr.  parts    232sJ  Long,  let^  56-\'il' W. 


Diff.  Lat.  491  =K    11  S. 

L^t.  fn  34    19  N.  Mcr.  parts  2194 


Diff.  of  lonjc.  420=      7    00  W. 
Long,  in  65    olW. 


Mcr.  diff.  lat.    62S 

BY  GUNTER. 

Isf.  The  extent  from  radius  8  points  to  the  complement  of  the  course  .'f 
points,  on  the  line  marked  SR,  will  reach  from  the  distance  591  to  tlitf 
difference  of  latitude  491.4  on  the  line  of  numbers. 

2dly.  The  exU-nt  from  tlie  radius  4  points  to  the  course  3  points,  on  lh> 
line  marked  TR,  will  reach  from  the  meridional  difference  of  latitude  e«8  tb 
the  difference  of  longitude  419.0  on  the  line  of  numbers. 


MERCATOR'S  SAiLLSG. 


«l 


BY  INSPECTION. 

A»  tD  Cue  I.  Plane  SaiGng,  Snd  the  courae  at  the  top  or  bottom  of  fide 
tabltt,  dtber  among  the  points  or  degrees,  and  in  that  page,  oppodte  (h( 
distuee,  >rill  be  found  the  difference  a[  latitude  and  departure  in  their  re*. 

Ertire  columns.     Then  in  the  »ame  table  find  the  mendiona]  differeooe  itf 
Okie  in  the  latitude  column;    corresponding  tu  which,  in  the  depaitUK 
cohuan,  will  be  the  difference  of  longitude. 

Thus,  under  the  course  S.  W.  b;  S.  or  Spomts,  and  opposite  one  third  of 
the  distance  I9T,  stands  163,6  in  the  latitude  column,  which  multiplied  by  3 
(Itcs  the  difference  of  latitude  491,4  miles;  tlien  find  one  fourth  of  the 
netidknal  difference  of  latitude  157  in  the  latitude  column,  against  which 
DaMt  109  m  the  departure  column,  which  multiplied  by  4  girea  430  the  lUT- 
timee  of  longitude. 

CASE  IV.      . 

Sotk  laUtuda  and  eourtt  given,  to  Jind  t&c  (tiMoACe 

and  ^ffennet  oflongibuk. 

K  ship  from  the  latitude  of  49°  57'  N.  and  longi- 

tdii  of  30°  W.  sails  S.  39°  W.  tiU  she  arrives  in  the 

lititndeof4S°31'N.  Required  the  distance  run  and 


Diff.hL  4  26=26601 


Mer.  parts    3170 
Mer.  parts     3074 


Mer.diir.lal.S96  miles. 


A 

3 

/ 

5 

n'yjtrr' 

Diff.  Long. 


BY  PROJECTION. 

Ufaw  the  meridian  AEB.  on  whicli  Ul^e  AE  equal  to  thp  proper  dilTer- 
pwe  of  latitude  366  miles,  and  AB  equal  to  tlie  meridional  dUTerence  uf 
uhladc  9M  miles ;  make  the  angle  BAC  equal  to  the  courae  39<^,  and  draw 
?P'JIC,  perpendicular  to  AB,  cutting  ADC  in  D  and  U ;  then  will  AD  be 
"M  ^MiDce  343  mites,  and  BC  the  difference  of  longitude  Sll  nules. 


BT  LOGAMTHMS. 


Toftnd  the  Aataace. 


^'*4*|m0,di£oriat.866  3.434S8 

^  -»mAt9BP  10.1 


To  And  the  dlff.  of  longitude. 
ldiiu45°  10.00000 

mcr.  diSl  aflat.  39&  S.69770 

I  Ung.  eoune  3^  9.90637 

S.53438  To  tlf.  &M.  of  lonz.  330.7  S.50b07 

Loiq;itude  left  30"    0"  W. 

Daff.  oflong.      331  =  s    SI  W. 


BY  GUNTER. 
,^^•■4.    The  extent  from  the  complement  of  the  course  51^  to  tlie  raUiii!i90^ 
j^^  *he  sines,  will  reach  from  the  proper  difference  of  talitudu  366,  to  ^f 

^'•ijee  343,3  on  the  line  of  numbers. 
»r  ^jl"*-     The  extent  from  radius  45°  to  the  course  39^  on  the  line  of  tan.- 
7!^?^  win  reach  from  the  meridional  difference  of  latitude  396,  to  the  dffi- 

^^Hce  of  hi^tude  331  on  the  line  of  numbers. 

BY  INSPECTION. 

n.  Plane  Sailing,  find  tlie  course  among  the  noinls  or  degrees 

the  pn^r  difference  of  latitude  in  its  column,  adjoinmg  to  which  will 

^j^i  Joe  dnUnce  and  dniarturc  in  their  respectiTe  eolmnns ;  then  in  the  same 

^^^^  ind  the  raerid.  diff.  of  lat.  in  the  lat.  column,  adjoining  to  which  in  tlie 

cuhmui,  will  be  the  difference  of  longitude. 

inder  tiie  course  39<>  and  opposite  the  half  diff.  of  lat.  l^  (ihe 


52^" 


Hi 


MERCATOR'S  SAILING. 
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nearest  to  which  is  132.9)  stond  171  and  107,6,  these  doubled  give  the  d 
tance  344  and  departure  215.2;  and  in  the  same  table  opposite  toe  Ji 
mer.  diff.  of  lat.  198  fonnd  in  the  latitude  column,  stands  160.5  in  the  d 
column,  which  doubled  gives  the  diflferencc  oJf  longitude  321  miles,  nea 

as  before.  '  ^.^  ^  ^ 

E       Di^  Long'      C 

CASE  V. 

Both  latitudes  and  distance  given,  to  find  the  course, 
and  difference  ^longitude. 

A  ship  from  the  latitude  of  37^  N.  and  longi- 
tude of  32^  16'W.  sails  300  miles  north-westerly, 
until  she  is  in  the  latitude  of  41<^  N.  Required  the 
course  steered  and  longitude  in  ? 

Lat.  left  370  N.  Mer.  paiis  2393 

Lat  m    4lo  N.  Mer.  parts  2702 

Diff.  lat.      4^2:240  milc^.  Mer.  diff.  lat.  309  milcH. 

BY  PROJECTION. 

Draw^the  meridian  ABC;  make  AB  equal  \o  the  proper  difference 
latitude  240,  and  AC  equal  to  the  meridional  difference  of  latitude  309  mil 
draw  BD  and  CE  perpendicular  to  ABC  ;  with  an  extent  equal  to  the  i 
tance  300  in'your  compasses,  and  one  foot  in  A  as  a  centre,  describe  an  a; 
^.utting  BD  in  D ;  draw  AD,  which  continue  to  cut  CE  in  E,  and  it  is  dot 
for  the  angle  BAD  is  equal  to  the  course  of  36^  52',  BD  is  the  departt 
and  CE  is  the  difference  of  longitude  231.7  miles. 

BY^  LOGARITHMS. 

To  find  the  difT  of  longitude. 
8.47712  As  radius  45^  10.00 

10.0000018  to  the  mer.  diff.  of  lat.  309  ^..48 

3.38021  So  is  tang,  course  36*^  59f  9.87 


To  find  the  course. 
As  the  distance  300 
Is  to  radhu  90^ 
So  is  prop.  diff.  of  bt  240 


To  f^Mine  cfOursiB  36°  52^  9.90309iTo  the  diff.  loiig.  231.7 

Longitude  left  32"^  16^  W. 

Diff.  of  longitude  232  =   3    52  W. 


2.36 


LclDgitude  in 


36    08  W. 


BY  GUNTER. 

Isl.  The  extent  from  the  distance  300  to  tlic  proper  difference  of  1 
t  jide  240,  00  the  line  of  numbers,  will  reach  from  tlie  radius  or  90^  to  59 
the  complement  of  the  course  on  the  line  of  sines. 

2dly.    The  extent  from  radius  45^  to  the  course  36^  52'  on  the  line 
tangents,  will  reach  from  the  meridional  difference  of  latitude  309  to 
difference  of  longitude  S31.7,  on  the  line  of  numbers. 

BY  INSPECTION. 

As  in  Case  IV.  Plane  Sailing,  seek  in  the  table  till  against  the  dista 
taken  in  its  column  is  found  the  given  difference  of.  latitude  in  one  of 
following  columns ;  adjoining  to  it  will  stand  the  departure,  which  if  i 
than  the  difference  of  latitude,  the  course  will  be  found  at  die  top,  otb 
wise  at  the  bottom  ;  in  the  same  table  find  the  meridional  difference  of  1 
tude  in  the  latitude  column,  adjoining  to  which  in  the  departure  column  ^ 
stand  the  difference  of  longitude. 

Thus  the  distance  300  and  the  difference  of  latitude  £-10,  are  found 
correspond  to  a  course  of  37^,  and  a  departure  of  180.5  ;  and  in  tlie  latiti 
column^  opposite  half  the  meridional  difference  of  latitude  154.5  (the  neat 
to  which  IS  154.1)  stands  116.2  in  the  departure  column,  which  doub 
;;ivcs  the  difference  of  longitude  232.1. 
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CASE  VI. 

One  hlitude,  course  and  departure  given,  to  find  the  distanre,  differenri  of 

latihtde,  and  differtnce  of  iongitudf. 

A  ship  from  the  latitude  of    m 

-T/^o  10'  S.  and  longitude  of  30°  ^ 

£.  saib  £.  S.  E.  until  her  de- 
parture is  967  miles;  required '^ 
-C  he  distance  sailed,  and  the  lat-  M      72_r       -^ 
i  tude  and  longitude  in  ?  jj '  f^-     yj^ 


Diff.   Long, 

BY  PROJECTION. 

Draw  the  meridian  ABC,  and  at  a  distance  from  it  equal  to  the  dcparlufe 

9D7  miles,  draw  the  line  FD  parallel  to  ABC ;  Tiake  the  angle  BAD  equal  to 

the  course  6  points,  draw  AD  to  cut  FD  in  D ;  from  D  let  fall  upon  AB  the 

perpendicular  DB;  then  will  AD  be  tlic  distance  1036  miles,  AB  the  differ- 

en«  of  latitude  396  miles;  hence  we  have  both  latitudes,  and  the  meridional 

liiffemice  of  latitude  667  miles,  make  the  line  AC  equal  thereto,  and  draw 

CE  perpendicular  to  AC  meeting  AD  continued  in  E ;  then  will  CE  be  the 

werence  of  longitude  1610  miles. 

BY  LOGARITHMS. 

Lat.  left  5(P  1(K  S.  Mer.  parts      349) 

9.%562jDiff.  lat.  396'=6    36  S. 


To  find  the  distance. 
y*  t^  sine  coune  6  points 
ff  to  tltt  departure  957 
^  1>  ndios  8  points 

^  the  difCance  1036 

To  find  the  diflf.  of  lat. 
p>  l^diDs  4  poiota 
J'^o  the  departure  957 
^  ^  co-tan^  course  6  points 

^«  propi  diif.  Qi  lat.  3%.4  mUes 


2.98091 
lO.OOOOOi 


3.01529 


Lat  in 


56   46  S.   Mer.  parts 

Merid.  difi*.  of  lat. 
As  radius  4  points 
10  OOOOOi'^  ^°  ^^  merid.  diC  of  lat.  667 
2'  98091  ^^  *^  ^^^S'  course  6  points 
9!6l722To  diff.  long.  1610^=26  ^  SO'  E. 
2  5^gl3|Long.  left  30    00  E. 

I  Long,  in  56    50  E. 


4157 


667 

10.00000 

8.82413 

10.38278 

3.80691 


BY  GUNTER. 

lat.  The  extent  from  the  course  6  points  to  radius  8  points  on  the  liof^ 
l^^lcedS.  R.  will  reach  from  the  departure  007  to  the  distance  1036  on  the 
'*nf*  Qf  mimhers. 

^  ^iy.  Tlie  extent  from  radius  4  points  to  the  complement  of  the  course 
jr^oints,  on  the  line  marked  T.  R.  uill  reach  from  the  departure  957  to  the 
^**4erence  of  latitude  396  on  the  line  of  numbers. 

Sdly.     The  same  extent  (fnim  the  radius  4  points  to  the  course  6  points 
?^  the  line  marked  T.  R.)  will  reach  from  the  meridional  dificrence  of  lati- 
^e  667,  to  the  dificrence  of  longitude  1610,  on  the  line  of  numbers.  . 

BY  INSPECTION. 

»  ^  Kn  m  Case  III.  Plane  Sailing,  find  the  course  either  in  Tabic  I.  or  Ttd>Ie 
iL?-  dnd  the  departure  in  its  column,  cnrrcfpondin^  to  which  will  stand  the 


«i^^  ««iice  and  difference  of  latitude  in  their  respective  columns :  in  the  same 
3/^1^  fin^  ^^^  meridional  difference  of  latitude,  in  the  latitude  column,  cor- 


v^^lionding  to  which,  in  the  departure  column,  will  be  found  the  difference  of 

•*«^l5Hude. 
,^^  T^fnis,  over  the  course  E.  S.  E.  or  6  points,  and  against  one-filth  of  the  de- 
^^rture  191.4  stand  79.2  and  £07,  which  multiplied  by  5  give  the  difference 
1^'  Vititude  996  miles,  and  the  distance  1035  miles;  then  in  the  latitude  co- 
^^'^lUi  find  a  tenth  of  the  meridional  difference  of  latitude  66.7«  the  neamt 
y^  ttiat  is  66.6,  against  which,  in  the  departure  column,  stands  160.8,  which 
^^^Itij^ied  bv  10  gives  1608.  the  difference  of  longitude. 


>^ 
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CASE  VII. 

One  latitude,  distcnce  saiM,  and  departure  given,  to  ^nd  the  course,    difference 

of  latitude,  ana  difference  of  longitude. 
A  ship  in  the  latitude  of  49^  SO'  N.  and  the  longitude  of  25^  W.  sails  soutH- 
pHsterly  645  miles,  making  500  miles  departure ;  required  the  course  steered^ 
and  tlie  latitude  and  longitude  in  ? 

BY  PROJECTION. 
Draw  the  meridian  ABC,   and  on  A 
any  point  of  it  draw  BD  perpendicular 
thereto,  and  make  it  equal  to  the  depar-^ 
ture  500  miles ;  with  an  extent  equal  to^ 
the  distance  645  miles  in  your  compas-^i 
ses,  and  one  foot  on  D  as  a  centre  de-^ 
scribe  an  arch  to  cut  AB  in  A,  join  AD  ;^ 
then  will  AB  be  the  proper  difference 
of  latitude  407.5  miles,  and  the  angle  B 
BAD  will  be  the  course  50^  49';  hence 
"«ve  have  the  other  latitude,  and  the  me- 
ridional difference  of  latitude,  to  which  C 
make  AC  equal;  and  draw  CE  parallel 
to  BD,  meeting  AD  produced  in  E;  then  will  CE  be  the  difference  of 
longitude,  733. 6  miles. 

BY 

To  And  the  course. 
As  the  distance  645 
U  to  radius  90" 
i$o  is  tho  departu^  500 

To  sine  of  coarse  50^  49^ 

To  find  tho  diff.  of  long. 
As  radius  45^ 
Is  to  mer.  diff.  of  lat.  5S9 
So  is  tang,  course  50^  49^ 

To  diff^  of  long.  722.6 

Or  thus: 
As  prop.  diff.  of  lat.  407.5* 
fs  to  the  departure  500 
So  is  the  mcr.  diff.  of  lat.  5S9 


Diff.  Long. 


LOGARITHMS. 

To  find  the  diff.  of  lat. 
As  radius  90^  lO.OOOOd 

Is  to  the  distance  645  2.80956 

So  is  coHsine  course  5QP  A9  9.80058 

To  diff.  1. 407.5=6°  48'  S. 


2.80956 

lO.UOOOU 

2.69897 


9.88941 

10.00000 

2.77012 

10.08879 


2.85891 

2.61014 
2.69897 
2.77012 

5.46909 
2.61014 


To  diff.  of  long.  7217 


2.85895 


49 


8.61014 
30  N.  M.  par.       34SS 


42   42  N.  M.  par.      8839 

5199 


■•■ 


Lat.  left 

Lat.  in 

Mer.  diff.  lat 
Long,  left 
Diff.  long. 

Long,  in  12    57  W. 

Hence  the  ship's  course  is  S.  50^  49  £*. 
Lat.  in  42^  42'  N.  *Long.  in  12^^  57' W, 


25   00  W. 
12      3  E. 


BY  GUNTER. 

Ist.  The  extent  from  the  distance  645  to  the  departure  500  on  the  line 
nf  numbers,  will  reach  from  the  radius  00^  to  the  course  50^  49^  on  the  line 
otf  sines. 

2dly.  The  extent  from  radius  90^  to  the  complement  of  the  course  88^ 
14'  on  the  line  of  sines,  will  reach  from  the  distance  645  to  the  difference  of 
Utitude  407.5  on  the  line  of  numbers. 

Sdly.  The  extent  from  the  radius  45^  to  the  course  50^  49'  on  the  line  of 
fongents,  will  reach  from  the  mcr.  diff.  of  lat.  589  to  the  difference  of  longi- 
tude 7S2.6  on  the  line  of  numbers.  Or,  the  extent  from  the  proper  differ- 
ence of  latitude  407.5  to  the  departure  500,  wiU  reach  fW)m  the  meridional 
difference  of  latitude  589  to  the  difference  of  longitude  7£2.7  on  the  line  of 
numbers. 

BY  INSPECTION. 
Find  the  course  and  difference  of  latitude,  as  in  Case  V.  Plane  Sulingt  by 
{(eeking  in  Tab.  II.  till  the  distance  and  departure  are  found  to  correspond  m 
their  respective  columns,  adjoining  to  which,  in  the  column  of  latltime,  irill 

•  This  bfg,  wa  foniKt  abov^-it  ditttn  m  liute  trum  tfee  top.  ot'  WA 
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^.^ 


rii-  touiid  the  true  difference  of  latitude,  which  if  greater  tbaii  the  departure* 
ihe  course  will  be  found  at  the  top;  but  if  less,  thc^  course  will  be  found  at 
the*  bottom:  with  this  course  seek  the  meridional  difference  df  latitude  in 
ihf*  latitude  column,  adjoining  to  which  in  the  departure  column  will  br 
fuund  the  difference  of  longitude. 

Thus  one-third  of  the  distance  215,  and  one-third  of  the  departure  166,7 
are  found  nearly  to  correspond  to  a  course  of  51  degrees,  and  a  difference 
of  latitude  of  1S5.d,  which  multiplied  by  3,  gives  the  true  difference  of  lati- 
tude 406  nearly.  Then  one- fourth  of  the  meridional  difference  of  latitude 
1 17,  in  the  latitude  column,  is  found  nearly  to  correspond  to  tlie  departure 
131.9;  this  multiplied  by  4,  gives  7^7.6  the  difference  of  longitude  nearly. 

Having  explained  the  method  of  calculating  single  courses  by  Middle  La- 
titude and  Mercatofs  Sailing,  it  now  remains  to  explain  the  method  of  cal- 
cub  ting  compound  courses.  To  do  this,  you  must  construct  a  Traverse 
Table,  and  iiud  the  difference  of  latitude  and  departure  for  each  course  and 
distance,  as  in  Traverse  Sailing,  and  from  thence  the  whole  difference  of  la- 
titude, departure,  and  latitude  in,  with  the  departure  and  latitudes,  find  the 
difference  of  longitude  and  longitude  in,  as  in  Case  II.  of  Middle  Latitude 
vT  Mercator*s  Sailing. 

Thia  method  is  exact  enouj;h  for  working  nny  single  day's  work  at  sea,  ex- 
rf  pt  in  high  latitudes,  where  it  will  be  a  little  erroneous ;  in  this  case  the  diffec- 
vnce  of  longitude  and  longitude  in,  may  be  calculated  for  every  single  coortf^ 
and  short  distance;  but  in  gt;neral  this  nicety  in  calculation  may  be  neglected* 

To  illustrate  the  method  of  working  compound  courses,  we  shall  hlfFO 
wuri  an  example,  by  Middle  Latitude  and  Mercator*s  Sailing. 


EXAMPLE. 
A  ship  from  Cape  Ilenlopen,  in  the : 
ilude  of  3fi-  47'  N.  longitude  75^  17'  c 


latitude  of  38-  47  l^.  longiiuaeTu^  17    Courses. 

W.  sails    the   following   true  courses, 

liz.  E.  by  S.  iO  miles,   E.  N.  E.  15iE.byS. 
miles,  S-  E.  S6  miles.  South  10  miles,  JE.  ^\  £. 
\V.  S.  W.  6  miles,  N.  W.   10  miles/    g.  e. 
s<nd  East  SO  miles:  required  her  lati-.   South. 
Tilde  and  longitude  1  \V.  S.  W. 

By  constructing  the  Traverse  Ta-    x.  ^y. 
hie  with  these  courses  and  distancen,     East. 
it  appears  that  the  ship  has  made  27.8 
miles  of  southing,    and  69.3  miles   of 
r&sting;  and  by  subtracting  the  south- 
sag  from  the   latitude   of  Cape  Hen- 
tnpen   there   remains   the   latitude   in| 
:;S'-  19'  N. 


TRAVERSE  TABLE. 


Departure. 


I  l-i.8 


10.6181.9 
112.8   12.6 


12.C 


D.Lat.27.8|69.3  I)ep. 


Cape  Henlopen's  latitu<le  38-  47'  N.       Meridional  parts  2589 
Latitude  in  3S    19  N.       Meridional  parts  2492 


Sam  of  latitudon 
Middle  latitude 


77      6 
33    33 


36 


By  inspection  of  Table  II.  it  appears  that  the  difference  of  latitude  S7.ft 
and  departure  69.3  correspond  to  a  course  of  68^  nearly,  and  a  distance  of 
•  9  mOes ;  and  in  the  same  page  of  the  Table  opposite  to  the  meridional  dif- 
ference of  latitude,  found  in  the  column  of  latitude,  stands  the  difference  of 
longitude  89  miles  in  the  departure  column;  this  subtracted  from  the  longi- 
tude of  Cape  Heulopen  75*  17'  W.  haves  the  longitude  in  73^  38'  W.  by 
Mercator's  Sailing.  Or,  with  tlie  Middle  Latitude  38°  SS^  to  39^  as  a  course, 
find  the  departure  69.3  in  the  latitude  column,  opposite  to  which  is  80  Im 
the  distance  column,  wl^ch  is  the  difference  of  longitude  by  Middle  Latitude 
SaiKiig;  ooinequently  the  longitude  in  is  73^  38' W.  as  above. 

Thus  we  see  that  such  examples  are  performed  as  in  Traverse  Sailing  and 
Ca*e  IL  of  Nercator*s  or  Middle  Latitude  Sailing,  either  by  Inspection,  a?^ 
above,  or  by  the  scale  of  logsirithms. 


>u  MERCATOR'S  SAILIM;. 

llu\m<;  p;oiie  throug;h  thf.  necessary  problems  in  Morcatoi'*^  Sailing,  ivr 
shall  now  show  how  Mercator*)s  Cburt  may  be  eoiistnictvd  \^'  means  of  th** 
Table  of  Meridional  Parts. 

To  construct  a  Marcator's  Chart  to  commence  at  the  Equator. 

Suppose  if  was  required  to  eonslrurt  the  Chart  in  the  Plate  pn>lix«H]  to  Um 
ivork  which  begins  at  the  equator,  and  reaches  to  the  pantlh*!  of  50  degrees, 
aud  contains  06  degrees  of  lon(;itude  west  from  the  meridian  of  OrceDwich  ? 

Draw  the  line  AD  representing;  the  equator,  then  take  from  any  scale  of 
equal  parts  the  number  of  minutes  contained  in  95  dej^rees,  viz.  5700,  which 
set  ofiffrom  A  to  D;  subdivide  this  line  into  95  equal  parts  representing  de- 
{;rec>s  of  longitude.  Thnmgh  A  and  D  draw  the  lines  AB,  DC  perpendicu- 
Jar  t(»  AD,  and  make  each  of  them  etiunl  to  S 174  which  are  the  meridional 
parts,  corresponding  to  50  degrees.  Join  BC  which  must  be  subdivided  in 
the  same  manner  as  the  line  AD ;  and  through  the  corresponding  points  of 
the  lines  AD,  BC  must  be  drawn  (at  the  distance  of  MP  or  20^)  the  lines  pa- 
rallel to  AB,  representing  meridians  of  the  earth;  these  lines  must  be  num- 
bered 0,  10,  SO,  &LC.  beginning  at  the  line  AB  which  represents  the  meridlaA 
of  Greenwich.  Set  off  in  like  mann<>r  upon  the  meridians  AB,  DC,  (begin- 
ning from  file  equator  AD)  the  meridional  parts  correspond! ni;  to  each  de- 
scree  of  latitude  from  0*^  to  r>(P;  and  through  the  corresponding  ])ointi3  (at 
the  distance  of  lO'^or  20^)  draw  lines  parallel  to  the  equ,itor  AD,  to  repre- 
sent the  parallels  of  latitude.  Then  the  upper  part  of  the  chart  will  repre- 
sent the  north,  the  lower  the  south,  the  right  hand  the  east,  and  the  left  hand 
the  west  (which  is  generally  supposed  in  charts,  unless  the  contrary  is  ex- 
pressly racntioneil.) 

If  the  Chart  does  not  rommmice  nt  tJie  equator,  but  is  to  serve  for  a  cer- 
tain portion  of  the  globe  contained  between  two  parallels  of  latitude  on  the 
same  side  of  the  equator,  you  must  draw  the  meridians  as  directed  in  the 
last  example ;  then  subtract  the  meridional  partK  of  the  least  latitude  of  the 
rhart  from  the  meridiimal  parts  of  the  other  latitudes,  and  set  oiT  these  dif- 
ferences on  the  extreme  meridians,  draw  lines  through  the  corresponding 
j)oints,  and  they  will  he  the  parallels  of  latitude  on  the  chart 

If  the  chart  is  to  be  hounded  by  parallels  of  latitude  on  different  sides  of 
llie  equator,  you  must  draw  a  line  reprejjentiiig  the  etjuator,  and  perpendicu- 
tar  to  it  draw  the  lines  io  represent  the  meridians,  continuing  them  on  both 
.sides  of  the  e(iuator ;  then  set  off  tli(>  ))arallels  of  latitude  on  both  sides  of  the 
equator,  in  the  same  manniT  as  in  the  first  example. 

Take  from  the  Table  of  latitudes  and  longituoes  of  places  the  latitude  and 
longitude  of  each  particular  place  contained  within  the  bounds  of  the  diart^ 
and  lav  a  rule  over  its  lntitud(^  and  another  crossing  that  over  its  longitude: 
the  pomt  where  the.^e  meet  will  represent  tlie  proposed  place  upon  the  chart. 
The  most  remarkable  pr)iut  of  a  sea  coast  being  thus  laid  down,  lines  may 
be  drawn  from  point  to  point  which  will  form  the  outlines  of  the  sea  coast. 
islands,  &z.r.  to  which  ma}*  be  annexed  the  depths  of  water  expressed  in  com- 
mon Arabian  numbers,  the  time  of  hi^h  water  on  tht>  full  and  change  days 
expressed  in  Roman  numbers:  the  setting  of  th^^  tide  expressed  by  an  ar- 
row ;  and  whatever  else  may  be  thought  convi-nlent  for  the  chart  to  contain. 

This  chart  is  not  to  be  considi-red  as  a  just  re[iresentJition  of  the  earth's 
surface,  for  the  figures  of  islantis  ami  countries  are  distorted  towards  the 
poles,  as  is  evident  from  the  construction;  but  the  degrees  of  latitude  and 
iougitude  arc  increased  in  the  same  proportion,  so  that  the  bearings  betireen 
places  will  be  the  same  on  the  chart  as  on  the  globe:  and  as  the  roeriffians 
arc  right  line-s,  it  follows,  that  the  rhumbs,  wliich  form  equal  angles  with  the 
meridians,  will  be  straight  lines,  which  render  this  projection  of  the  earth's 
surface  much  more  easy  and  proper  fur  the  mariner's  use  than  any  other. 

Hating  the  hUUiide  and  longitude  of  a  ship  or  place,  to  ^find  the  eomspomiing 

point  on  the  chart. 

Rule.    Lay  a  ruTcr  across  the  chart  in  the  driven  parallel  of  latitude:  fake 
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ill  your  cnm;»sscS(  the  nearest  distance  betti'een  the  given  kinp;itude  and  the 
nearest  meridian  drai%'n  across  the  chart;  put  one  foot  of  the  compasses  in 
the*  point  of  intersection  of  the  ruler  and  meridian,  and  extend  tne  other 
along  the  edf^e  of  the  ruler  on  the  same  side  of  the  meridian  as  the  place 
lies,  and  that  point  will  represent  the  place  of  the  ship. 

If  the  Ioni;itude  on  the  chart  be  counted  from  a  different  meridian  from 
that  you  reckon  from,  you  must  reduce  the  given  longitude  to  the  longitude 
vf  the  chart,  by  adding  or  subtracting  the  difference  of  longitude  of  those 
meridians,  and  then  mark  off*  the  ship*s  place  as  before  directed.  Or,  you 
may  draw  a  meridian  line  through  the  place  you  reckon  your  longitude  from; 
then  measure  off*  tlie  ship^s  longitude  on  the  equator,  and  apply  it  to  the 
ed^  of  the  ruler,  from  this  meridian,  and  you  will  obtain  the  ship's  place. 

Th  find  the  hearing  of  any  place  from  the  ship. 

RvLE.  Lay  a  ruler  across  the  given  place  and  the  place  of  the  ship;  set 
ooe  foot  of  the  compasses  in  the  centre  of  some  compass  near  the  niler,  and 
take  the  nearest  distance  to  the  edge  of  the  ruler:  slide  one  foot  of  the  com- 
passes along  that  edge  keeping  the  other  extended  to  the  greatest  distance 
from  the  ruler,  and  observe  what  point  of  the  compass  it  comes  nearest  to, 
for  that  will  be  the  bearing  required. 

To  find  the  distance  of  any  place  from  the  ship. 

RrLE.  Take  the  distance  between  the  sliip  and  given  place  in  your  com- 
passes and  apply  it  to  the  side  of  the  chart  or  graduated  meridian,  setting 
one  foot  as  much  above  one  place  as  the  other  is  Im'Iow  the  other  place,  tile 
number  of  degrees  between  the  points  of  the  compasses  will  be  the  distance 
nearly. 

When  the  places  bear  north  and  south  of  each  other  this  nile  is  accurate; 
but  when  they  bear  nearly  ejist  and  west,  and  the  distance  is  large,  it  will  err 
considerably;  but  in  general  it  is  exact  enough  for  common  purposes;  if 
grrater  accuracy  is  required,  it  is  best  to  find  the  distance  by  calculation. 

If  any  one  wishes  to  estimate  the  distance  accurately  by  the  chart,  he 
must  proce^  in  the  following  manner: 

1 .  If  the  place  be  in  the  same  longitude  that  the  ship  is  in,  then  the  pre- 
redifie  rule  is  accurate. 

3.  If  the  place  be  in  the  same  latitude  as  the  ship,  or  bear  east  or  west,  the 
distance  cannot  be  obtained  without  calculating  it  by  Case  I.  of  Parallel 
Sailing. 

d.  If  the  place  be  neither  in  the  same  latitude,  nor  in  the  same  longitude 
as  the  ship,  the  distance  must  be  found  in  the  following  manner :  Lay  a  ruk  r 
over  both  places,  and  draw  through  one  of  them  a  parallel  to  the  equator  r 
take  the  difference  of  latitude  between  l)oth  places  in  your  compasses  from 
the  equator:  slide  one  foot  on  that  parallel,  keeping  the  other  extended  so 
that  both  points  shall  he  on  the  same  meridian,  and  note  the  point  of  the 
nikr  which  is  touched  by  the  other  foot  of  the  compasses,  take  the  distance 
from  this  point  to  tlie  given  ))lnce  through  which  the  parallel  was  drawn  and 
>PPJT  it  to  the  equator,  and  you  will  have  the  sought  distance. 

The  bearing  anddistince  of  any  two  places  from  each  other  may  be  frnmel 
iri  the  same  manner  as  the  bearing  and  di>(ance  of  any  place  from  the  ship. 

EXA-MPLE. 

Required  the  bearing  and  distance  between  tlie  east  end  of  Jjong- Island 
*od  the  north  part  of  Bermudas  ? 

A  ruler  being  laid  over  both  places  as  directed  in  tlie  |)rec(;din{;  rule,  it  will 
)i«  found  to  lay  parallel  to  the  N.  W.  by  N.  and  S.  K.  by  S.  line;  and  the 
^Btanee  between  the  two  places  being  taken  in  the  crmipassi's,  and  applie<l 
t*  the  graduated  meridian,  will  measure  about  10  degrees  or  GOO  miles: 
*kwefore  these  places  bear  from  each  otlier  X.  W.  by  N.  und  S-  E.  by  S.  ami 
ih?ir  distance  is  600  miles  ne:»rlv. 


Tho  Hair-MiiHitt^  Ulass  is  of  thp  siime  lorm  as  an  Hour  (ilass,  (sec  F 
Vig.  2)  .111(1  contains  Auch  a  quantity  of  sand  as  u  ill  run  tlirough  the 
Its  ncrk  in  Haifa  minute  of  time. 

The  making  of  the  experiment  to  find  the  velocity  of  the  ship 
heaving  the  loc  which  is  thus  pt^rfonned.  One  man  holds  the  r 
amtther  the  half-niinute  dass:  an  oflioer  of  the  watch  throws  the 
the  ship*s  stern.  t»n  the  lee  side,  and  when  he  ohserves  the  stray  lin 
off  (which  Isahout  ttMi  fathoms,  this  distance  beinj;  usually  allowed  i 
the  lop  out  of  the  eddy  of  the  ship's  wake)  and  the  first  mark  (\ 
generally  a  nnl  raj:)  i>  Rolni:  oflT.  he  cries  turn  f  the  glass  holder 
tfttnr!  who  walchinff  the  class,  the  moment  it  is  run  out  saj's  5/ 
reel  hein);  immediately  stnpt,  the  last  mark  run  off  shows  the  nil 
knots,  and  the  distance  of  that  mark  from  the  r«'cl  is  estimated  in  f 
Then  the  knots  and  fathoms  toRcther,  show  the  distance  the  ship 
th«^  pn»cedinK  hour,  if  the  wind  has  heen  constant.  But  if  the  ^ale 
heen  thi>  same  during;  the  whole  hour,  or  time  between  heavint^  the  U 
there  has  been  mon*  S!iil  set  or  handed,  a  proi>er  allowance  miist  bi 
Sometimes  when  the  ship  is  before  the  wind,  and  a  g;reat  sea  setting  af 
it  will  bring  home  the  log:  in  such  cases  it  is  customary  to  allow  o 
in  10,  and  less  in  proportion  if  the  sea  be  not  so  great:  allowance  ou( 
lo  be  made  if  there  be  a  head  sea. 

This  practice  of  measuring  a  ship's  rate  of  sailinR  is  founded  u] 
followius;  principle:  That  the  length  of  each  knot  is  the  same  parte 
mile,  .isnalf  a  minute  is  of  an  hour.  Therefore  the  length  of  a  kno 
fo  be  |-}^  of  a  sea  mile;  but  by  various  admeasurements  it  has  beei 
that  the  length  of  a  sea  mile  is  about  6120  feet:  hence  the  length  ( 
knot  should  be  ;il  fret :  each  of  these  knots  is  divided  into  10  fath 
about  ,'i  feet  each.  If  the  glass  be  only  i8  seconds  in  running  out,  thf 
%^\'  the  knot  ought  to  \tv  47  feet  and  6  tenths.  These  are  the  length  gf 
rrcommendiMl  in  books  of  navigation,  but  it  may  be  observed,  thati 
trials  it  has  been  found,  that  a  ship  will  generally  over-run  her  reckonii 
a  log-line  thus  marked:  and  shice  it  is  best  to  err  on  the  safe  side,  it  h 
pMiendly  rt^commended  to  sliorten  the  above  measures  by  3  or  4  feet, 
the  length  of  ,1  knot  about  7^  fitlioms  of  H  feet  each,  to  correspond 
;;laHs  that  runs  CS^  seconds. 

In  heaving  the  lot:  you  must  he  careful  to  veer  out  the  line  as  fast  as 
will  take  it :  for  if  tlie  log  is  left  to  turn  the  reel  itself,  the  log  will  com 
.Old  dweive  vou  in  vour  nrkoninc.     You  must  also  be  careful  to  meai 
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Irf  comcUrd  ill  the  riiUowiiig;  manner,  suppo*iin^  that  a  dU"  gla:is  reqiiirr^  GO 
feet  to  a  knot. 

(1.)  If  the  glass  only  is  faulty,  you  must  ^ny,  as  llu  steonds  run  by  the 
§lass  art  to  ;)0  sicond^f^  so  is  Iht  distance  given  by  the  log  to  the  trwt  distance^ 

Thus  If  a  i«hip  sails  8^  knots  pt*r  hour,  hy  a  glass  of  JG  seconds,  Uie  true 
number  of  knots  p*T  hour  will  he  7.1 ;  for,  36  :  30 :  :  8,5  :  7,1. 

(:2.)  If  the  log- line  only  i.s  faulty,  you  must  say,  as  !>0  ftet  is  to  the  diif- 
tact  of  a  knot  on  the  lin*-,  so  is  th*-  distance  run  by  the  log  to  the  true  distanre^ 
Thi|9,  if  a  ship  "sails  7  knots  per  hour,  hy  a  lo^-linc  measuring  53  feet,  her 
tnie  distance  will  he  7, 1  miles  ])cr  hour,  because,  50  :  53  :  :  7  :  7,1. 

(9.)  If  the  lug-line  and  glass  are  both  faulty,  you  must  say,  as  50*  mul- 
tipliti  hxf  the  Unfrth  oftht  glass  is  to  30  m%dtiplied  by  the  length  of  the  /iiie,  so 
it  the  measured  to  the  true  distuncv.  Thus,  if  a  ship  sails  G  knots  per  hour 
with  a  glass  ofi!!  seconds,  and  a  log-line  of  60  feet  per  knot,  her  true  relii- 
«ttT  will  be  9  miles  per  hour,  bocuuso  50  X  Si  :  30  X  ^0 :  :  ij  :  0. 


DESCRIPTION  AND  USE 
or  A 

(iUADllA?fT  OF  REFLECTIO.X. 

MR.  JOHN  HADLRV  was  the  Hrst  who  published  a  description  of  the 
ftwirvziif  of  Rfjifction,  ibr  mciisurin*;  angular  distances,  and  the  instrument 
Mill  bean  his  nanus  altiioii}:})  it  h:is  been  ascertained  fh:tt  Sir  Isaac  yitivtun 
-'irented  a  similar  one  some  years  before,  hut  never  made  it  public  :  om:  ui' 
Our  countrymen,  3Ir.  Thomas  Cudfrty,  of  Philadelphia,  had  also  contriwd 
^Q  instrument  on  the  same  priacipjcs  some  time  before  31  r.  lladley  made 
k&own  his  discovery. 

Figure  1,  Plate  VII.  represents  a  Quadrant  of  Reflection,  the  princijial 
^aris  of  which  are.  tht*  frame  ABC,  the  fi;raduated  arch  BC  the  index  D. 
The  nonius  or  vernier  scale  R,  t!ie  index  ghiss  F,  the  horizon  glasses  G  and 
U,  the  dark  ^*<scs  ur  sen-ens  i,  and  the  sight  vanes  K  and  L. 

The  graduated  arch  BC  is  an  <K:t4'int  or  eighth  part  of  a  circle,  hut  on  ac- 
count of  the  double  ivflectiun  is  divided  into  OO^  numbered  from  0^  towards 
the  left,  and  each  degree  is  commonly  divided  into  three  equal  piirts  of  -ZO 
Uiinutcs  each.  The  graduation  on  the  limb  is  continued  a  few  degrees  to 
the  right  of  U^ ;  this  portion  is  culled  the  arch  of  excess^  and  is  found  very 
cwivenient  for  several  purposes. 

Tlie  index  D  is  a  flat  bar  commonly  made  of  brass,  moveable  round  the 
Centre  of  the  instrument,  and  broader  towards  the  axii  of  motion,  where  i^ 
^Ised  the  index  glass  F ;  at  tiic  otiier  end  is  fixed  the  nonius  or  vernier  scale, 
fi^ed  in  estimating  the  subdivisions  of  the  arch  ;  at  the  bottom  or  end  of  the 
Uidez  there  is  a  piece  of  br.ii:s  which  leads  under  the  arch,  having  a  spring 
to  make  the  vernier  Viu  cloae  to  the  limb,  and  a  screw  to  f«isten  it  in  any  po- 
rtion. Some  quadrants  ha;  e  r-  Tangent  screw  aflixed  to  the  lower  part  of 
index  to  adju!^t  its  motion.  The  vernier  is  a  small  narrow  slip  of  brass 
ivory  fixed  l.>  ttiat  part  of  the  index  which  slides  over  the  graduated  arch, 
ind  usually  contaias  a  space  equal  to  ^1  or  VJ  divisions  of  the  limb,  and  is 
«liifided  into  ^J  equal  parts;  hence  thv  diflference  between  a  division  on  the 
limb,  and  a  division  on  ttie  dividing  .'^cak^  is  on»*  twenticUi  of  a  division  of 
the  limb,  or  one  miimip;  therefore,  if  any  divisio;i  on  th'*  vernier  is  in  the 
strti^ht  line  witli  a  division  of  the  limb,  then  no  litiier  division  on  tin? 


*^^ut»ii<t(  iiiii:ii(ilyiii/  1 1«  iK-ii^t  I  ill'  lliv  ^Int*  iiv  dO,  aixl  Cht*  liav  l>v  JO.  >fiu  tuny  inuil!|ily  (lie  fur- 
^'^  *•  *:hl  iW  iaiwr  ii\  i.    Ifaiit  i»i«-  cJii>i^«,"*  lu  luark  Uie  log  line  at  U^ss'Ui'tn  .jy  uei  I't  ii  ;?>:us  *.( 

o 
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xrriiiiT  cOii  <'oincule  with  a  division  of  iJic  limb,  the  extreme,  divisions  fix- 
rpptrd.  Some  lime  as:o  it  was  usual  u*  reckon  the  divi;<ions  on  the  lemiet 
fnjm  its  middle  towards  the  ritrlc.  and  frum  the  \v(i  towards  the  middle: 
but  this  b«'irj^  found  inconvenient,  n  more  commodious  method  has  been  in- 
troduced of  numbering  from  ripht  to  left  :  hence  the  degree  and  minute, 
pointed  out  by  the  vernier,  may  be  found  thus: Dbser^c  what  minute  on  the 
vernier  coincides  with  a  division  on  the  limb,  then  this  minute,  being  added 
to  the  decree  and  parts  of  a  degree  on  the  limb  uumcdiatcly  preceding  the 
first  division  on  the  vernier,  v.ill  be  the  deprce  and  minute  re(|uired.  Thii?, 
suppose  10'  on  the  vernier  coincided  with  a  division  on  the  limb,  and  that 
the  division  on  the  limb  preceding  llie  first  division  of  the  vernier,  was  29  20*, 
the  division  puinted  out  by  the  vernier  would  be  C^  30'. 

The  indtT  tclass  F,  is  a  plane  speculum  or  mirror  of  glass,  quicksilTercd  ' 

and  set  in  a  brass  fmmc;  it  is  so  placed  that  the  fare  of  it  is  perpendicular  j 

to  the  plane  of  the  instrument,  and  is  fixed  to  the  index  by  the  screw  M ;  the         4 
other  screw  N  serves  to  replace  it  in  a  perpendicular  position,  if  by  any 
accident  it  has  been  put  out  of  onler.     The  use  of  this  mirror  is  to  receive 
the  rays  from  the  sun.  or  other  ol^ject  ob*«Tved,  and  reflect  fhem  towards 
the  horizon  prlasse?. 

The  horizjon  glasses  G  ?.nd  II,  are  two  small  spcculums— G  is  called  th.^, 
fnre  horizon  t^lass,  from  \\>  hein^  used  in  the  common  or  fore  oh^rvaUor^^^ 
where  the  observer's  iwcfi  is  turned  li»\ards  the  object ;  and  H  the  hack  hor-^Sk' 
Uffi  glass,  being  used  in  the  hack  ohitrration,  where  the  observer's  back 
turned  towards  the  object ;  these  mirrors  receive  the  reflected  rays  from 
index  glares  and  reflect  tljem  to  the  eye  of  the   observer.     The   horis 
glasses  are  not  entirely  quicksilvered :  the  fore-horizun  glass  G  is  only 
veredon  the  lower  half,  die  other  part  being  transparent,  and  the  back 
of  the  frame  cut  away,  that  the  horizon  or  any  other  object  may  be  ^, 
through  it;  the  back-horizon  glass  H,  is  silvered  at  both  ends;  in  the  mr  ^ 
'die  is  a  transparent  slit,  through  which  the  horizon  miy  be  seen :  these  t^^. 
glasses  are  set  in  brass  frames  simikir  to  that  of  the  index  gl^ss,  and  fixed 
moveable  bases,  w  hich  arc  adjusted  by  screws  so  as  to  set  the  glasses  in  tl 
true  positions.     In  general  there  arc  three  dark  glasses  or  screens  I,  two 
ones  of  dificrent  sb.ades,  and  one  green  ;  each  is  set  in  a  brass  frame, 
turns  on  a  centre  that  they  may  be  used  separately  or  together:    they  se 
to  defend  the  eye  from  the  rays  of  the  run  during  an  observation.    The  er* 


for  a  back-obscrvaiion  they  are  to  be  placed  at  O. 

The  sight  vants,  K  and  L,  are  piece*  of  brass  standing  perpendicular 
the  plane  of  the  instrument ;  the  v;uie  K  is  called  the  foresight  wme,  an«- 
the  back-sight  mne.    There  are  two  holes  in  the  fore-sight  vane,  the  Jo^ 
of  which,  and  the  upper  edge  of  the  silvered  part  of  the  fore-horizon  i 
are  equi-distant  from  the  plane  of  the  instrument,  and  tlie  other  hole  is  o 
pite  to  the  middle  of  the  transparent  part  of  that  glass.     The  back-sight  v 
lias  one  perforation  which  is  exactly  opposite  to  :he  middle  of  the  Iran 
leiit  slit  in  the  back-horizon  Rlass. 

The  au'Jvsting-icvf  r,  (fig.  -J,)  which  is  fixed  on  the  back  of  the  qiadi-^^n'*       j 
serves  to  adjust  tlie  horizon  glass,  by  placing  it  parallel  to  the  index  ds^^ ;       i 
when  this  lever  is  to  be  made  use  of]  the  screw  B  must  be  fir&t  loosened,     «n^ 
when  by  the  adjuster  A  the  horizon  glass  is  sufliciently  moved,  the  screv^    * 
must  be  fastJ-ncd  j'gain,  by  which  means  the  horison  glass  will  be  kept  fr^o'ift 
changing  its  position. 

To  adju9l  u  qutidrdnt* 
As  the  quadrant,  from  various  accidents,  is  liable  to  be  out  of  order,   5*-^* 
necessary  that  the  mariner  should  be  able  to  ascertain  the  errors,  and       TT" 
t  the  several  jviPts  before  he  proceeds  to  make  his  observations.      "^^^^^ 
iri)ose  he  must  examine  w-hether  the  index  glass  and  the  hori^^^^^ 
be  perpendicular  to  the  plane  of  the  instrument,  and  whether     .^^u* 
r  the  fon!-horizon  glass  be  panlH.  and  that  of  >the  back-horizon  t^  "^^^^^^ 
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perpendicuUir  to  the  ]ilane  of  the  index  f^lass,   iv]ien  0  uii  tlie  \tfniirr  suiuls 
against  0  nn  thi*  limh. 

l^t.     Tu  ascertain  ichtthtr  tht  indfx  glaM  hr  perpendicular  to  the  plunr  of  tip" 

HuaJrant. 

Place  tlie  Index  on  t!if  mi(idic  of  th«'  arch,  aiul  Imld  th*»  iiidi'x  glass  n»;it 
i he  eye.  look  into  it,  in  a  direction  paraUt-l  to  the  plane  i»f  ihe  instnniieiil. 
aiw*  see  if  the  reflected  arch  appear  i?x:ictiy  in  a  line  with  tlic  ari-h  seen  di- 
rect, or  if  the  image  (►f  ;iny  point  of  the  arc!i  niMr  B  i^pprar  of  the  saim- 
height  as  tiie  corresponding;  part  of  the  areii  near  C  seen  direct,  if  so,  thf 
index  iglasis  is  perpendicular  to  the  plane  of  the  (piadrant:  if  not,  the  error 
must  be  rectified  hv  the  screws  on  the  hasc  behind  th«'  franjc,  hy  loo^enin^ 
the  screw  M.  and  tightening  the  scr»;w  N,  or  hy  loosening  the  screw  N,  and 
tij^teiun);  the  screw  M. 

2d.     To  ascertain  whether  the  fore-horizon  cl(U8  he  ptrpindkular  to  the  plmif. 

of  the  Hiiadrant, 

Having  adjusted  the  index  cjlass,  Iiold  the  i;istrnni*-nt  i:i  a  verticrd  posi- 
tion: look  thmugh  the  fore-sight  van*,  and  nn»vi'  the  i-'ulrx  till  the  refleci'.'d 
and  direct  images  of  the  horizon^  seen  in  th»'  horiy.on  p;las<,  coi?icide;  thea 
iodine  the  instrument  till  its  plane  is  nearly  panillel  to  ihe  horizon;  if  the 
Jmai^s  still  ri>incide,  the  horiiion  5:1;!js  st:;,i(':j   ptrpendicul  ^r,  otherwise  it 
does  not,  and  must  be  adju?^t«*d  hy  the  screws  piacrd  before  and  behind  it,, 
loosening  one  of  them  and  lighleninj:  the  other. 

This  adjustment  miiy  bt*  made  by  tlie  sun,  moou,  nr  star,  by  holding  the 
<]ijadrant  in  a  vertical  position,  and  o'is,^rviijg  if  tlie  obj.Tt  seen  by  re^lectirn 
appears  to  the  right  or  left  (»f  th»'  ol.jecl  si-en  dinret;  iu:d  moving  the  screws 
Q-S  above  till  bo  til  images  coincide. 

After  having  made  the  horizon  and  index  glapses  paralli-1,  acrording  to  Ihi; 
*iirectJous  in. liic  following  article,  il  will  he  b.'St  to  re-examine  this  adjuta- 
^Oent. 

"=^1.     To  tHik\  th  h'ivizon  e:fGss  pnralle!  to  the  index  frlnss  ujitn  0  on  thtventicr 

sUtnds  on  0  on  the  vrri. 

Having  fixed  the  index  so  t!iat  0  i)n  the  veniiiT  bt;inds  i>n  0  on  tlie  arch, 

1«  Mik  at  any  distant  object  and  J:ee  if  the  linage  oi  it  coincides  wjtli  the  object 

i  tself:  if  it  does,  th*-  adjustment  is  comphite:  if  not,  thf;y  must  ]>e  made  14> 

« '<»incide  bj*  me:ins  of  the  adjusting  luvor.     The  horizon  may  h?i  us«'d  for  ttiia 

T^urposH?  in  the  following  manner:  ■'•old  the  plane  (iftiii'  in- triimt-nt  vertical 

*«  fcok  through  the  lower  hole  in  tlie  >ane  K,  and  direct  the  sishl  thn»up:h  the. 

^r-ansparent  part  of  the  Glass  G  to  the  horizon;  lirn  if  tlie  horizo!i  liiu», 

^cH-n  in  the  sdvered  and  transpan-ut  part,   (.oiiicid*:-.   or  makes  ontr  sf.r;;isi*t 

^ine.  the  horizon  glass  is  said  to  be  adjust. 'd:  but  if  the  liorizon  Ijius  i!o  niit 

*"-iincide,  slacken  the  screw  B  (^\vi.  2.)  in  the  middle  of  i?::-  afljus:ing  levi-r, 

^*  nd  turn  the  horizon  glass  on  its  axin  u:itil  tht*  horizf»n  lii-es  coincide,  then 

*i  X  the  Ie\er  ftrmly  by  tighU'uin;:  the  scn^w  B.     If  t-iin  adjustment  be  again 

♦•  x.imined,  it  will  perhaps  be  found  imperfect;  in  this  cum*,   tht-nfore,  if  n-- 

'^'lains  either  to  repeat  the  adjustment,  or  Jind  the  frr«»r  of  it  usually  callt-d 

*  ^^p  index  errq'-^  which  may  be  d<Mie  thu>. — Let  ti^e  liorizoii  ;:lass  remain  fixed, 

^  rxd  move  the  index  till  the  imajre  and  objcri  coincide,  then  the  di!r»Tcnci» 

'^•■iwi-en  0  or\  the  vernier  and  0  on  tlie  arch  is  the  index  error,  which  is  to 

^♦-  added  to  the  angle  or  altitude  observed,  if  the  0  on  the  \ernier  be  to  \\\i 

*  "5  3:ht  hand  nf  0  on  the  arch,  othenvi^je  to  In*  subtracted.     Thus  if  the  hori- 

^Sh^  in  was  used,  the  instrument  being  held  in  a  vortical  position,  you  musi  look 

Jf  t'Arough  the  loiiver  hole  of  the  vain*  K,  towards  the  horizon;  then  .novc»  the 

tx-»«l(:\  till  the  rcfl«'cted  and  direct  images  of  the  h(trizo:i  coincide,  tli*^  differ- 

»"-x^»ee  between  0  on  the  vernier  and  0  on  the  arch  will  !»e  the  index  error. 

••-^li.  To  adjust  the  back-horizon  frlass.  that  it  ma  if  if  perpendicular  to  th^  plan". 
oflht  index  c^lass,  trhrn  0  on  the  iv;  '"er  stamLf  on  0  on  th'  arch. 

2^1  the  index  as  Hir  to  the  rijrht  of  0  on  the  arcb  as  Iwic  the  dip  df  th»^ 
V«--rl?.i.n  (tnken  f/om  Table  XIII.)  hoU'  the  qu:idrruit  in  a  \i'rti«-jjl  i>of.i'ion 
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look  toivanls  the  horizon  throii;^!i  the  hoir  in  tho  hack  horizon  ranc  L,  iind 
the  trnnftpnrrnt  slit  of  the  hack  horizon  phiss  H,  lljcn  if  Iho  rrflected  horizon, 
^vhich  will  appear  inverted,  roinride  \iith  that  seen  direct,  the  jjlass  is  truly 
adjusted,  otherwise  the  screw,  in  (he  ciMitre  of  the  lever  on  the  under  side 
of  the  quadrant,  must  be  slackened,  and  the  glass  turned  on  its  axis  till  both 
horizons  coincide,  when  the  lever  should  he  fixed  hy  ti{;hteningthc  screw. 

Dth.     To  adjust  the  hack  hori2jon  f^lass  that  it  may  he  perpendicular  to  the 

plane  of  the  quadrant. 
Put  the  index  on  0:  hold  the  qundnnit  nearly  parallel  to  the  horizon; 
look  through  tire  hole  on  the  hack  si^ht  vane,  and  if  the  true  and  reflected 
horizons  api>ear  in  the  same  straight  line,  tiie  p;iass  is  perpendicular  to  the 
plane  of  the  instrument;  but  if  they  do  not  coincide,  the  sunk  screws  before 
and  behind  the  glass  must  he  turned  till  hotli  api^ear  to  form  one  strai^t  line. 

To  take  an  altitude  of  th^e  Sun  hif  a  Fore  Observation, 

If  the  sun  is  bright,  turn  down  one  or  more  of  the  dark  glasses;  hold  tbe 
instrument  in  a  vertical  position;  apply  the  eye  to  the  upper  hole  in  the  fore- 
sight vane,  when  the  image  is  so  bright  as  to  he  seen  in  the  transparent  part 
of  the  fore-horizon  gla?s,  otherwise  to  the  lower  hole;  direct  tne  sight  to 
that  part  of  the  horizon  bene<ith  the  sun,  and  move  the  index  till  you  bring 
the  imcigc  of  liis  lower  limh  to  touch  the.  horizon  directly  under  him;  but 
as  this  point  cannot  be  exactly  asciTtained,  thf^  observer  should  move  his 
instrument  round  to  the  right  and  left  a  little,  keeping  as  nearly  as  possible 
the  sun  always  in  that  part  of  the  horizon  glass,  which  is  at  the  same  distance 
a^j  the  eye  from  the  plane  of  the  quadrant,*  hy  which  motion  the  sun  will 
appear  to  sweep  the  horizon,  and  must  he  made  to  touch  it  at  the  lowest  part 
of  the  arch;  the  degrees  and  minutes  pointed  out  hy  the  index  will  be  the 
observed  altitude  of  tlic  sun*s  lower  limh  at  that  instant. 

To  take  an  altitutle  of  the  Moon  by  a  Fore  Observation. 

h\  the  night  when  the  moon  is  hright,  her  imaRc  may  ho  seen  in  the  tranf<- 
parent  part  of  the  fore-horizon  glass,  and  the  observation  may  he  biken  ex- 
actly in  the  same  manner  as  an  (th.^^ervntion  of  the  sun.  If  the  image  is  so 
faint  as  not  to  he  seen  in  the  transparent  part  of  the  horizon  glass,  you  inu<<t 
set  the  index  to  0,  hold  the  plane  of  the  quadrant  in  a  vertical  positi(»n,  di- 
rect the  sight  to  the  moou,  and  at  tlie  s:ime  time  look  for  her  renected  image 
in  the  silvered  part  of  the  horizon  trlass;  movi*  the  index  forward  till  the 
inrunrs  image,  which  will  appear  to  desc(*nd,  just  touches  the  horizon,  then 
hweep  the  quadrant  as  in  observing  th«'  sun,  and  bring  her  round  limb  into 
contact  with  the  horizon,  whether  it  he  iirr  upper  or  lower.  The  decrees 
and  miiuites  pointed  out  by  the  index  will  he  the  observed  altitude  orthat 
limli  which  was  brought  in  contact  with  the  horizon. 

To  take  an  altitude  of  a  Star  by  a  Fore  Observation. 

This  is  done  exactly  in  the  sam(^  manner  as  in  observing  the  moon's  alti- 
tude when  her  image  is  so  faint  as  not  to  he  seen  in  the  transparent  part  ffC 
the  horizon  glass. 

To  take  the  Sun's  altitude  by  a  Back  Observation. 

Put  the  dark  glasses  in  the  hole  O,  and  turn  one  or  more  of  them  dowi^, 
according  to  the  brightness  of  the  sun;  then,  holding  the  instrument  in  a 
Vertical  position,  look  through  the  back  sight  vane  towards  tliat  part  of  the 
horizon  opposite  the  sun ;  move  the  index  till  the  sun's  image  is  seen  in  the 
silvered  part  of  the  glass ;  give  the  <|uadnint  a  slow  vibratory  motion  and 
the  sun  will  appear  to  describe  an  arch  ^\  ith  its  convex  side  upward ;  bring 
the  upper  limb,  when  in  the  upper  part  of  this  arch,  in  contact  with  tliat  part 
of  die  horizon  seen  threugh  tlie  transparent  slit,  and  the  degrees  and  minutes 

*  In  common  fiuadninls,  if  Uie  upper  bnlebr  loiikml  tbmuf^li,  tLt*  «uiiV  image  ntuM  lie  raiMir  tu  W|Mflr 
in  tlie  middle  of  the  trAUA|«rent  part  of  tbe  horiioii  gUu^  but  if  ilie  lower  hule  be  luukcd  tbroogW,  ibe 
luiage  mutt  be  made  to  apiMnr  ou  tlie  line  Joining  tin'  *>ilvcred  and  l^11l^}lilr«•nt  part*  of  iliehorlioB  cto% 
•IS  ibece  parts  of  the  horiiun  glais  are  at  tbe  fame  i?»{aiicei  I  rum  tbe  plimc  uf  ilie  inftrumeitl  at  tbB  tolr* 
<  r  (be  sight  vanes  respectively. 
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]iointed  out  by  the  index,  wijl  ]>c  the  altittidc  of  the  sun's  lower  limb.  The 
altitude  of  tlie  moon  or  a  star,  may  be  obtained  in  the  same  manner,  only 
ohser^'in^  to  brin^the  round  edge  of  the  moon  to  the  horizon. 

The  i»ack  observation  is  but  little  used  on  account  of  the  difficulty  of  ad- 
justing and  observing;:  various  remedies  have  been  proposed  for  these  de- 
lects, but  none  have  yet  been  generally  adopted.  The  back  obRGr>'ation  of 
the  altitude  of  any  object  is  n!«eful  only  when  there  is  not  an  open  horizon 
for  the  fore  observation ;  but  even  in  that  case  the  fore  obsenration  mipht 
often  be  used,  if  the  disttince  of  the  horizon  was  known,  as  will  be  explain- 
ed  farther  on. 

To  take  the  meridian  attitude  of  any  celestial  object  by  a  Fore  Observatiou. 

Whea  the  object  rises  and  sctji,  it  comes  to  the  meridian  above  the  hori- 
zon only  once  in  24  hours,  and  is  then  at  its  greatest  altitude,  by  observing 
wiilch,  the  latitude  may  be  easily  determined.  The  sun  comes  to  the  meri- 
dian exactly  at  noon  or  Id  o^clock :  the  moon  and  stars  at  various  hours. 
To  observe  the  meridian  altitude,  begin  a  few  minutes  before  the  time  of 
passing  the  meridian ;  bring  the  object  to  sweep  the  horizon  according  to 
the  preceding  directions ;  this  must  be  repeated  until  the  object  begins  ti» 
descend  below  the  edge  of  the  sea ;  tho  degrees  and  minutes  then  shewn  by 
the  index  will  be  tiie  meridian  altitude. 

If  the  object  does  not  set,  it  coines  to  the  meridian  below  the  pol«»f  and  is 
then  at  its  least  altitude ;  this  altitude  may  be  observed  as  above  directed 
with  tliis  diflerence,  that  you  must  continue  sweeping  till  the  object  begins  to 
rise  above  the  edge  of  the  sea,  instead  of  descendmg  below  Jt. 

The  meridian  altitude  of  any  object  may  be  taken  in  a  similar  manner  by 
a  hack  observation. 

Strictly  speaking,  this  method  of  finding  tho  meridian  altitude  is  absolute- 
ly accurate,  only  when  the  ship  is  at  rest  and  the  sinrs  declination  constant. 
For  if  the  ship  is  sailing  towards  the  sun,  the  altitude  will  be  increased,  and 
it  will  be  decreased  if  sailing  from  the  sun ;  but  the  correction  of  altitude 
arising  from  this  source  is  very  small,  and  may  be  neglected  in  all  nautical 
calculations,  as  will  be  shown  hereafter. 

AJvicr  to  Stamen  in  the  choice  of  a  Quadrant, 

The  joints  of  the  frame  must  be  close,  without  the  least  opening  or  loo?«»- 
ije«s,  and  the  ivory  on  the  arch  inlaid  and  fixed,  so  as  not  to  rise  in  any  placft 
above  the  plane  of  the  instrument ;  all  the  divisions  of  the  arch  and  vernier 
must  be  exceedingly  fine  and  straight,  so  that  no  two  divisions  of  the  vernier 
< except  the  first  and  last)  cmncidc  at  the  same  time  with  the  divisions  of  the 
arch.     All  the  glasses  belonging  to  the  quadrant  should  have  their  surfaces 
perfectly  plane,  and  their  fore  and  back  surfaces  exactly  parallel ;  the  fir^t 
of  these  requisites  in  the  horizon  glass  and  index  glass  may  be  thus  verified 
by  means  of  two  distant  objects :  move  the  index  till  both  objects  are  ex- 
actly in  contact,  at  the  upper  edge  of  tlie  silvered  part  of  tlie  horizon  glass, 
then  move  the  quadrant  in  its  own  plane  so  as  to  make  the  unite^  images 
move  along  the  hne,  separating  the  silvered  from  the  transparent  part  of  the 
horizon  glass,  and  if  in  this  motion  the  images  continue  luiited,  the  reflecting 
surfaces  are  good  planes,  otherwise  the  planes  are  imperfect.   The  parallelism 
•f  the  two  surfaces  of  the  reflecting  glasses  may  also  be  examined  by  view* 
in;5  the  image  of  some  object  reflected  very  obliquely,  for  if  that  image  ap- 
iMrare  single  and  well  defined  about  the  edges,  it  is  a  proof  that  the  surfaces 
m  parallel ;  on  ^e  contrary,  if  the  edge  of  the  reflected  image  appeara  as 
if  it  threw  a  faint  shadow  from  it,  or  separated  like  two  edges,  it  is  evident 
that  the  two  surfaces  of  the  glass  are  inclined  to  each  other ;  if  the  image 
^the  sun,  and  viewed  through  a  small  telescope,  the  examination  will  be 
Aiore  perfect.     To  examine  the  dark  i^lasses,  you  must  bring  the  image  of 
*  distant  object  to  coincide  with  the  object  seen  direct;  then  tuni  the  colour- 
ed glass  80  that  the  plane  which  was  next  to  the  index  glass  may  now  be 
next  to  the  horizon  glass,  and  if  the  direct  and  reflected  images  still  coiocldo 
'^^  surfaces  of  the  fr]a!«9  are  panilfd. 


IM  ) 


liKSCUIPTlOX  AND  USE 

OF    A 

SEXTANT  OF  REFLECTION. 

A  SEXTANT  is  const nicted  on  the  samr  principles,  and  may  be  used 
for  measuring  altitudes,  in  the  same  manner,  as  a  quadrant.*  The  arcb 
of  a  sextant,  as  its  name  implies,  contains  60^.  Init  by  reason  of  the  doable 
reflection,  is  divided  into  1£0^.  This  instrument  is  jiarticularly  intended  to 
measure  the  distance  of  the  moon  from  tiie  sun.  or  a  fixed  star,  and  as  that 
distance  is  wanted  as  accurately  as  possible,  to  detenninc  the  longitude  of 
the  place  of  observation,  the  instrument  is  constructed  with  more  care,  and 
h  }>rovided  with  some  additional  appendages  that  are  wanting  in  the  (|uad- 
rant.  Fig.  3,  Plate  VII.  represents  a  sextant,  the  frame  of  which  is  generally 
made  of  brass,  or  other  hard  metal,  the  handle  at  its  back  is  made  of  wood ; 
by  this,  when  observing,  the  instrument  is  to  be  held  with  one  hand,  while 
the  other  is  moving  the  index.  The  arch  A  A.  is  divided  into  120°,  each  de- 
gree into  three  parts  of  20  minutes  each,  and  the 'vernier  scale  is  in  general 
so  divided  as  to  shew  half  minutes.  In  some  sextants,  the  degree  is  divided 
Into  6  equal  parts  of  10'  each,  and  the  vernier  shows  10". 

In  order  to  observe  with  accuracy,  and  make  the  images  come  precisely  in 
contact,  a  tan^nt  scnw  B  is  fixed  to  the  index,  by  wluch  it  mav  be  moved 
with  greater  regularity  than  it  can  be  by  hand :  but  this  screw  does  not  art 
until  the  index  is  fixed  by  the  screw  C  at  the  back  of  the  sextant.  Care 
Miould  ht  taken  not  to  force  the  tangent  screw  when  it  arrives  at  either  ex- 
tremity of  its  arch.  AVhen  the  index  is  to  be  moved  any  considerable  quan- 
lity,  tiie  screw  C  must  be  loosened ;  but  when  the  index  is  brought  nearly 
to  the  division  rex^uired,  the  back  screw  C  should  be  tightened,  and  then  the 
index  moved  gradually  by  the  tangent  screw. 

In  many  sextants,  the  lower  part  of  the  index  glass,  or  that  next  the  plane 
of  the  instniment,  is  silvered  as  usual,  and  the  back  surface  of  the  upper 
part  painted  black ;  a  screen,  painted  black,  is  fixed  by  its  axis  to  the  na.«p 
of  the  index  glass,  and  may  be  placed  ovct  the  silvered  part  when  the  rays 
are  strong :  in  which  case  the  image  is  to  l»e  reflected  from  the  outer  sur- 
face of  the  upper  part,  and  the  erroi  which  might  probably  arise  from  the 
planes  of  the  glass  not  being  parallel,  is  thereby  avoided. 

The  coloured  glasses  are  similar  to  those  applied  to  a  common  quadrant, 
and  are  usually  four  in  number,  placed  at  D,  to  screen  the  eye  from  the  slolar 
rays  and  the  glare  of  the  moon  ;  they  may  be  used  se]iarately  or  together, 
as  occasion  requires.  In  addition  to  these,  there  are  three  similar  glasses 
placed  behind  the  horizon  glasc,  to  be  used  in  finding  the  index  error  by 
means  of  the  sun.  and  in  observing  tlu;  sun's  altitude  by  an  artificial  horizon 
on  land.  The  paler  glass  is  sometimes  used  in  observing  altitudes  at  sea,  to 
take  off  the  strong  glare  of  the  horizon. 

A  sextant  is  generally  furniFhed  with  a  tube  without  glasses,  and  two  tel- 


*  Tlif  re  is  not  in  ^Dfral  any  amiaraius  for  ibe  hack  observation  fiied  to  a  sextant  Uil  If  the  oltilndc 
rf  any  celestbl  f>l)iecl  be  (rnMtcr  iiiuii  U)-,  t!jc  cuppifmrni  ur  the  «kilutl<*  iiuiy  be  obulned  by  a  back 
tibieniiUoa  with  a»eiuuii  «illi  ea^c  niul  a.-vancT.  unJ  a«  ihis  iiwilijt]  may  he'irflrn  used  with  advan- 
tage when  a  fjrc  ulj-ervatian  cannot  Ije  oliiaincd',  we  ihah  bene  poiirt  out  die  metboil  of  taking  the  6b- 
Mrrraiimi,an(l  tball  lirreaftrr  eirethv  ralculaiioiit  fur  deceniiinln;  tbr  Iniiindc  from  a  merhUaa  uhaerwi 
lioo,  taken  in  tliu  manner^— Tlie  l.-aik  uf  ilie  olicener  bt-iu^  turned  to  ibe  v.in,  be  null  move  the  hides 
till  the  image  of  tlie  sun  tuuchei  tbc  ed^e  of  the  back  lioriTiHi.  and  then  move  the  seilant  a  Utile  li>  ifcc 
it^t  and  left  (as  Id  a  fore  obk-nauon)  and  ibe  inu^ge  will  desciilv  :iii  arch  niiL  tbecuavex  sideimwMU: 
move  tbe  irdex  till  the  lower  limb  of  ibe  image,  wbeu  in  the  nmier  |iait  uf  the  an.ii.  Jot  luuLhti  thi 
horizon,  and  the  observation  wiU  he  cumpieit ;  ebwrrins  ihaL  if  tlie  iele9CO|ie  he  used,  the  Inace  mmA 


be  bniugbt  in  the  middle  between  tbe  two  parallel  wlm;  but  if  ilie  telescope  be  not  uwd,  the  tanB|«af 
the  Bin  BfiiMi  be  seen  In  the  horizon  friass  ai  the  same  dliunee  from  tbe  |4ane  of  Ibe  Iwilhiwrnt,  ■•  Hm 


■erver.    Tbe  altitude  thu^  obtalaed  w  ill  be  the  HipplemeBt  of  tbe  althode  of  the  sua'»  nn^r 
rnxtioot  i»»br  nnp'^.l  to  olliiJn  the  true  t-emnl  J«'ti;ml«*.  viM  Ik*  give r  hciTaftcr 


USE  OF  THE  SEXTAM'  OF  REFLECTION.  Ji:. 

rvropr!.  the  one.  tvprcseiitint;  thu  utijects  erect  ur  in  their  naliirni  situation, 
the  othprinTertinK  thein,  the. eye  f^liisti  being Tixi-d  in  »  muvejibh:  tube  in  or- 
iliT  In  adju.it  the  teU'JKopc  to  a  ]iro])er  fucua.  By  meai»  of  thexe  telescopes 
the  line  of  ^■t^ht  ma^  l>e  rendtsruii  parallel  to  the  ptune  nr  the  instrument,  aiiil 
the  coulart  uf  the  hmbit  of  any  tnn  object*  more  accnrati'lyolitierved.  Tbu 
lulie,  ar  either  tcU-scope,  in  to  be  serened  into  a  brass  rii))!>  whieh  is  coii- 
nt'Ctc4l  with  aniilher  brasM  riii|r.  by  means  oftn'O  Krens.  and  by  loosening 
line  nnd  lightening  ihe  otlier,  the  axis  of  the  tul>e.  nr  telescope,  may  be  set 
p:irullel  ti>  tlic  plane  ot'thc  instrument.  Oneoftliese  rings  is  tiled  to  a  brtias 
stem  that  slides  in  a  socket,  and  by  mr.ans  of  tlie  scrt'W  L  ut  the  luck  of  tliit 
vi'Ttanl,  it  may  be  raised  ur  lowered  so  us  ti>  move  tlie  axis  oi'  the  telescope 
Ut  point  to  that  part  uf  the  liuriKvn  gliiss  judged  tin-  ninsl  lit  for  observation. 

A  circular  head,  eontaiuhig  a  plate,  in  which  there  are  three  ciiloiired 
flaaten,  and  a  part  that  u<  open,  sometimes  accompanies  the  aextant:  thei 
liead  is  l»  be  screwi^d  on  the  eye  end  of  the  tube,  or  on  that  of  either  teles- 
cope. TheMlge  of  the  phite  projects  a  little  beyond  the  head  on  one  side, 
and  is  moveable  by  the  linger,  su  tiint  the  opi^n  ring  or  any  of  the  colourctl 
glasses,  may  he  brought  lietneen  the  eye  glass  of  the  telescope  ami  the  eye ; 
this  ansnen  the  purpose  uf  tJu-  dark  glasses  placed  nt  E,  in  adjusting  by  the 
sun,  or  observing  by  an  arlifirial  horiKou  on  land. 

To  these  are  added  a  small  screw  Ariver,  to  adjust  the  screws,  and  a  mag.- 
nifying  |:lasi  to  re.id  iilTthe  oliservalion  vvilh  greater  nreuracy. 

The  adjustments  of  a  scstaut  are  similar  to  those  of  a  quadrant;  the  in- 
dri  and  horizon  glasses  must  be  perpcndicidar  to  tlie  plane  of  the  instru- 
meat,  and  their  planes  parallel  to  ewh  other  when  the  uidex  stands  on  Uj 
also  the  axis  of  the  telescope  must  he  set  (mrallel  to  the  plane  of  the  instru- 
ment: each  of  tli<.-!ie  partieulars  must  be  examined  before  an  observation  is 
taken,  and  the  adju^Uiii'iiI^,  if  n'i(uisite,  niade  according  to  the  following 
directions. 

I«t.    1\>ttt  Iht  ia-Itr  i^luts  jitrjirjidieulaT  tu  Iht  plane  of  Hit  imlrunfnl. 

Move  the  index  forward  to  about  (10^,  and  proceed  exactly  in  Ihe  mnnnci- 
preseribed  W  tlie  iidjubtment  of  the  index  glass  of*  qiuulrant,  page  01. 

!d.     To  aiake  the  horhun  /^luss  pfTptndkalar  to  thr  plane  of  the  tititanl. 

This  ad_|u*lmcnl  U  iiiiide  exactly  iji  the  same  iVianner,  as  that  of  the  quad- 
rant deMrnbed  in  page  81,  e.Mi'pt  that  instead  >if  looking  through  tlie  si^it 
lue,  you  may  use  the  tube  or  a  IrleHCope. 

Ta  makt  tkt  \oHioit  glais  nml  indet  glass  paratli  I  vhtn  tht  inJct  a  (.rt  (". 

IIxTinK  made  tlie  foregoing  adjiistments,  set  the  first  division  on  the  index 
ts  I  on  tJie  limit,  fasten  the  index  In  this  position,  and  make  the  eoiocideneo 
<>(lliese  diviNons  as  prrfetit  as  jiossible,  dy  means  of  the  tangent  screw,  the 
t.»  being  assbted  by  tlie  mmiiiifying  glass;  scmw  the  tulii-,  or  telescope, 
iclu  its  support,  and  turn  the  seretv  J,  at  the  back  of  the  instrument,  till  tho 
lin  which  separates  the  trans(Kirent  and  silvered  parts  of  the  horizon  class 
Tptars  in  the  middle  of  the  tube  or  teli'scopti;  having  dune  tliis,  hola  the 
iWaf  the  sextant  vertically  and  direct  the  si;;ht  thriitigh  the  tube  or  lel- 
'tojieto  the  horlvon;  then  if  the  nnec.ted  and  true  horizons  do  nut  enin- 
rid(,  turn  the  tanp-iit  wti-.w  at  the  back  of  the  iiorizon  glass  till  thfV 
•rtnude  to  appear  in  the  sami:  Htruigbt  line.  Then  ivill  the  horizon  );lu<ii 
"■  adjusted. 

Altrr  the  screw  lliat  retaiiif  the  liorisMin  glass  in  its  nlai'i-.  is  fastened,  j: 
*ill  be  proper  to  re-examine  this  adjustment;  if  the  eoineidcnee  of  the  hu- 
jUins  is  not  pcrfecl.  tiie  adjustment  nmst  bt;  repeated  till  it  is  so ;  liut  as  ii 
"dtSuiIt  to  obUiin  a  (HTfect  coincidence  by  this  mivuis,  the  hi>rixaiis  ma\ 
Mlnought  to  coincide  hy  turning  lite  tangent  ticrew  of  the  index,  and  tli'i- 
WeTKiia,  between  tlie  0  on  llie  arch  and  the  O  on  the  vernier  ivill  be  th.-  inde  i 
"rtir,  which  i»  additive  fi  ntl  i'li«iTvatii>ns,  if  tlie  "I  of  th"  inil.x  ctHiicI  n-i  iV.,. 
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«'xtra  arch,  otherwise  suhtractivc*.  The  iinlex  error  may  also  he  found,  very 
accur.itely,  hy  moasuriiiK  tlie  diameter  ol*  the  L*iin  twice,  with  a  motion  uL 
the  index  in  contrary  directions;  that  is,  first  hrinji;  the  upper  limb  seen  by 
reflection  to  coincide  with  the  lower  limb  seen  directly,  tiien  bring  the  lower 
linib  by  reflection  to  coincide  with  the  upper  .seen  directly,  ii"  both  these 
measures  are  taken  either  to  the  right  or  left  of  0  on  the  limb,  half  their 
.sum  will  be  the  index  error;  additive  if  to  the  right  of  0;  subtractive, 
if  to  the  left;  but  if  one  of  the  measures  be  takvn  to  tlie  ri^ht,  and  the  other 
to  the  left  of  0,  half  their  dillerence  will  be  thi?  index  error,  which  will  h*i 
additive  when  the  diameter  measured  to  the  right  of  0  exceeds  that  mea> 
•sured  to  the  left,  otherwise  subtractive.  Thus  if  the  measures  were  58'  to 
the  left  of  0  on  the  arch,  and  26'  to  the  right*  on  the  extra  arch,  half  tlie  dif- 
ference or  6'  would  be  the  correction,  subtractive.  In  sonu*  sextant!  the 
horizon  glass  cannot  l)e  adjusted;  tlu^  index  crn)rinn!»t  in  that  c<tse  be  found, 
and  niust  be  considered  as  a  constant  quantity  to  be  applied  to  all  angles 
measured  with  the  same  instrument. 

To  stt  the  axis  of  the  ttkscope  parallel  to  tht  plune  of  the  Sextant- 

In  measuring  angular  distances,  the  line  of  bight,  or  axis  of  the  telescope, 
should  be  parallel  to  tlie  plane  of  tiie  instrument,  as  a  deviation  in  that  re- 
spect, in  measuring  large  angles,  would  ocension  a  considerable  error:  fg 
avoid  which,  a  telescop<'  is  made  use  of,  in  which  are  placed  tw<»  wires,  p;*- 
rallel  to  each  other,  iind  equidistant  from  the  centre  of  the  telescope,  by 
jneans  of  which,  the  adjusUment  may  be  made  in  the  following  maimer.. — 
t$crew  on  the  telescope  and  turn  the  tube  containing  the  eye  glass,  till  the 
wires  are  parallel  to  the  plane  of  the  instrument;  then  take  two  objects,  as 
the  sun  and  moon,  whose  angular  distance  nmst  not  be  less  than  00^,  becaiLSe 
tFie.<error  is  more  easily  discovered  when  the  distance  is  great;  bring  them 
4'xactly  into  contact  at  the  wire  nearcbt  the  plane  of  the  sextxmt,  and  flx  the 
index?  tlien,  by  altering  a  little  the  position  of  tlie  instrument,  make  tbr 
iiiiuge  appear  on  the  other  wire;  if  the  contact  still  remains  perfect,  the  axi:: 
of  tl)«*  telescope  is  in  its  right  situation;  but,  if  the  limbs  of  the  two  objecrb 
appear  to  separate  or  lap  over,  at  the  wire  which  is  farthest  from  tbe  plane 
uf  the  sextant,  the  teIesco})e  is  not  pandlel,  and  it  must  be  rectified  by  turn- 
ing one  of  the  two  screws  of  the  rin^  into  wliich  the*  telescope  is  screwed 
and  fixed,  having  previously  untunu'd  the  otht:r  screw :  hy  repeating  tliis 
uperatinn  a  few  times,  the  contact  will  be  precisely  the  same  at  both  wlrifs, 
and  the  axis  of  the  telescope  will  b(;  parallel  to  tlie  plane  of  the  iui^tru- 
lUent.f 

In  order  to  estimate  the  error  comniitti^  in  not  observing  the  contact  of^ 
the  objects  in  the  middle  between  the  two  parallel  wires  of  the  telescope,  it  is 
necessary  to  know  the  angular  distance  of  these  wires :  this  maybe  found  a's 
follows :  Turn  round  the  eye  piece  of  the  telescope,  till  the  wires  arc  (HfTptn- 
dicular  to  tlie  plane  of  tlu;  instrument :  hold  tlie  instrument  in  a  vertical  pusi- 
tion,  and  move  tlie  index  till  the  direct  and  reflected  images  of  the  horison  ap- 
pear in  the  s-dii:«'  line,  which  will  happen  when  the  index  is  at  0  if  tlic  instru- 
ment be  well  adjii:<ted;  then  move  the  index  till  the  reflected  image  of  tlue 
horizon  be  at  out;  wire  and  the  directed  image  at  the  other;  Uie  angle  mored 
through  by  the  index,  as  shown  by  the  divi*jions  of  the  arch,  will  be  t!ie  an- 

*  III  reading  ofl*  the  nica.vMre  on  Ute  extra  nrcb,  ;ou  inut-t  rvckon  llu-  iniiiuta'S  on  the  vvrnier  frvm 
W'll  to  rijfhl,  ruitiiiin^  19'  ji*  i,  IR  ji-i  Z'.  A.'-,  or  «'is»  "lakt-  'i.e  thfli'ifiJO'  lifiwccit  ilir  inimiteK  UeiiuliHl  Lk 
liiL'  v«rni(T  Hiiil  *i).  Thus  it' the  angi«:  uii  trib  extra  4rcli  D|t|fari.tl  tiv  ihe  nuiiiuit  tu  iii-  14  tlac  real  an^te 
tviiiitd  be  (iiiU  Ki'. 

\  This  attjiistiiH'nt  may  \».  miiiir  in  a  niaiiiiiT  i;iinilar  t'>  tlvit  bv  uhicu  the  grndnutioii  on  U-c  ft-MXir 
pf  the  tHe^ooiie  of  n  riniilnr  ui.struinoni  i<  viTifird  Ity  u»ii)tr  iii<*  ii'ijuMin;:  iu<ils  vi  a  circlevra  fii:i-r 
\^  lu*$«  surtui-ft  lire  nerliril>  jut  a!  id  (u  truvh  other.  'I'hu.«.  lay  tlif  M-'xt.-tiii  horiionlhiUy  on  n  tablr,  iu.n'. 
|ii.ice  the  ruler  mi  I  he  liivi!j  or  |il<iiic  ol'  ilic  ii<$irunient,  Hiiii,  at  alxjiil  li'  ur  15  fi  rt  «ji>laii«'e,  lei  a  wcU 
ilciiiHti  iiiark  Im;  pittcetl  iii  a  ruiif^e  uiih  the  tele!«co|)e,  ^o  (is  to  liu  in  the  f-Mit  !ait:i;.--hi  line  with  ihf  Ikii 
ill  ihe  luler,  then  ruUv  or  h)Wfi  the  li-iescojie  liv  mennii  of  the  acrrAV  J,,  till  the  i  i-ntr«  ul'  iLe  vyv  \vic\v 
•>i  I'.iu  tL-lescope  Ih!  ul  ihe  >HnM:  hi-i^hl  m  the  top  <.('  (he  luler,  thfii  ii'  the  mark  W  m>cd  id  Ihe  iiihIu  r 
*    ■■vren  the  wire>  <jf  the  lelrswfw,  it  i*  wril  mlmslei! :  it"  ii.ir.  ii  ii;;«;  W  <rI-w-i-W  h\  me^nt  of  Uit  ^cx»  t> • 
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dbUnce  of  the  two  wires.    This  angular  distance  being  obtained,  the 
obaenrer  may,  by  means  of  it,  estimate,  at  each  obserration,  how  much  the 
pUce  where  the  contact  was  observed,  was  elevated  above,  or  depressed  be- 
low, the  plaae  passing  through  the  eye  and  the  middle  line  between  the  two 
paraOeJ  wires ;  the  correction  in  Table  XXXV .  corresponding  to  this  aiij^le, 
is  to  be  subtracted  from  the  observed  angular  distance  of  the  objects ;  thus 
if  the  distance  between  the  wires  was  8^,  one  of  them  would  be  elevated 
«bove  the  plane  1^  30',  and  the  other  depressed  as  much  below  it;  and  if  in 
taking  an  observation,  the  point  of  contact  was  estimated  to  be  onc-thiid 
part  of  the  distance  from  the  middle  towards  either  wire,  the  angle  of  elevc- 
^on  or  depression  would  be  one-third  part  of  1^  30'  or  30';  and  if  the  ob- 
served  distance  was  lOOO,  the  correction  in  Table  XXXV.  would  be  18', 
subtnctive  from  the  observed  angle,  which  would  therefore  Ik*  100^ — 19"= 
99^  59^  41".    In  general  it  will  not  be  necessary  to  attend  to  this  correctluii. 

To  measure  the  distance  hetireen  the  Sun  and  Moon. 

Saew  on  the  telescope,  and  place  the  wires  paralh'l  to  the  plaiit;  of  tlie 
instrument:  then  if  the  index  {class  is  half  silvered  and  hulf  blacked,  and  liie 
wn  Tfcr}' bright,  raise  the  plate  before  the  silvered  part  of  the  glas?,  and  witii 
the  screw  L  raise  tlie  telescope  to  tlie  tranaparent  part  of  the  horizon  glass; 
tun  down  one  or  more  of  tlie  dark  glasses  according  Ut  th»'  hrightnrss  of  tiie 
sud;  thf*n  hold  the  sextant  so  t!'-<t  its  plane  may  pass  through  the  sun  and 
mooD;  if  the  sun  be  to  the  right  hand  of  the  moon,  the  sextant  is  to  be.  held 
with  its  face  upwards;  if  to  the  left  hand,  the  fare  i:5  lo  ho  held  downwards:- 
'^ith  the  instrument  in  this  position,  look  directly  at  the  moon  througli  the  , 
telescope,  and  move  the  index  forward  till  the  sun's  inia;;e  is  brought  nearly 
*nto contact  with  the  moon's  nearest  limb;  then  fix  the  index,  hy  the  scrtiW 
^er  the  sextant,  and  make  tlie  contact  perfect  hy  means  of  the  tan'^ctiL 
**<^^;  at  the  same  time  move  the  sextant  slowly,  ninkiii;;  t!ie  axis  ci'  t!ie 
tHescojK*  the  centre  of  motion,  by  whii'h  means  tlie  objects  will  paf;s  oaeij 
^'thcr,  and  the  contact  be  more  accurately  made,  oh.-»«jrvi:i-;  th;«t  the  j>oiiit 
"'  c<»ntict  of  thn  lim!)s  must  always  he  oFiserved  in  the  miilJIe  !>et^veeM  th^ 
P*irallel  wires.  The  obsiTvation  being  thus  made,  tiie  index  will  point  oL;t 
^  distance  of  the  nearest  lim!j3  of  the  sun  and  moon. 

To  measure  the  distance  Ittwten  tJie  Moon  (.ud  u  Stur. 

Tum  down  the  green  si-reen  if  the  moon  is  bright,  and  direct  the  plane  of 
Ifae  instrument  through  both  objects,  with  its  face  upwards,  if  the  juoon  Is 


"*; 


^  the  right  of  tht^  stir;  but  if  to  the  left,  the  face  is  to  be  held  do\inward:^ 
^k  at  tlie  star  tlirough  the  telescope  and  transparent  part  of  the  horizon 
?^and  move  the  index  till  the  moon's  iniri^e  appears  n«'arly  in  eoiit:uL 
**thlhe  star;  fasten  the  index,  move  the  sextant  n#inid  t!;e  axis  of  the  tel- 
escope as  in  measuring  the  distance  of  the  s'.ni  and  mooti,  n\.:\  uw.i  the  tiin- 
fientscretv,  till  th<^  coincidence  of  the  star  and  the  cniiirfitcut  j.-  round  TtmU 
**^thc  moon  is  perfect ;  observing  that  tlui  point  of  contait  ot"  lire  limb  of  tlie 
J<*on  and  stir  must  always  be  in  the  middle  belwi'en  the  parallel  vvire-^. 
The  observation  being  thus  made,  the  index  will  point  out  the  distance  of 
^oe  enlightened  limb  of  tho  moon  from  the  star,  whether  it  be  the  farlhesi 
"f  Dfarest  limb. 

'f  the  observer  suspect  that  the  mirrors,  or  co!oun*d  glasses,  have  uoltUtli' 
•''''•"tiices  exactly  paralh.'l,  he  may  verify  them  as  follows  :— 

Verification  of  the  parallelism  of  the  Index  f^lass. 

This  vf  ri6catton  is  to  be  made  ashore,  by  obser\  ing  the  angular  dist'uiAo 
'•f  tHoHtfll  defined  objects,  \\lu»se  distance  exceeds  UO^  or  100*^  (having  pre- 
viously well  adjiLsUKl  the  instrument)  then  taking  out  the  central  mirror  and 
birniajr  jt^  g^  {Jiqi  w^.  ^.(||re  ^hich  was  fonnerly  uppermost  may  now  bu 
^^^ff^it  the  plane  of  the  instnunent ;  rectify  itts  position  and  again  measure 
^^^  distance  of  the  two  objects ;  half  the  difterence  between  these  two  dis- 
l»ncfs  will  be  the  error  of  the  o!)served  angle  ai-ishig  from  the  defect  of  pa- 
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rallelism  of  the  central  mirror.  If  the  first  distance  exceeds  the  second,  the 
error  is  subtractive,  otherwise  additive,  the  mirror  being  in  its  first  position; 
but  the  contrary  when  in  its  second  position.  Thus,  if  the  first  distance  was 
119^  59'  21"  and  the  second  120O  q'  39",  the  error  would  be  39",  additive 
when  the  mirror  was  in  its  first  position^  subtractive  for  the  second.  The 
error  for  any  other  angle  may  be  found  by  means  of  col.  2d.  Table  XXXIV. 
when  the  inclination  of  the  plane  of  the  horizon  {i^Iass  to  the  axis  of  the 
telescope  is  80^,  by  saying,  as  the  tal)ular  correction  corresponding  to 
120O  (s:s4'  5")  ic^  to  the  error  of  the  glass  ?39",  so  is  the  tabular  error  for  any 
other  angle  as  80^  (=1'  !•'>")  to  the  corresponding  error  of  the  glass  12^.  In 
this  manner  a  table  of  errors  may  be  made  for  all  angles.* 

The  angle  between  the  plane  of  the  horizon  glass  and  axis  of  the  telescopic 
produced,  being  constant  in  all  observations  and  adjustments  of  the  sextant,. 
no  error  can  arise  from  tlie  want  of  parallelism  of  its  surfaces. 

Verification  of  the  parallelism  of  the  surfaces  of  the  coloured  glasses. 

Turn  down  the  glass  at  D,  which  is  to  be  examined,  and  another  at  E,  to 
defend  the  eye  from  the  sun  ;  direct  the  telescope  to  the  sun  and  move  the 
index  till  its  direct  and  reflected  images  coincide;  then  turn  the  dark  glass 
at  D,  so  that  the  surface  which  was  farthest  from  the  horizon  glass  may  now 
bo  nean;st  to  it,  and  if  the  contact  of  the  ssime  two  limbs  be  complete,  thft 
surfaces  of  this  glass  are  parallel,  but  if  they  lap  over,  or  separate,  the  index 
must  be  moved  to  bring  them  again  in  contact,  then  half  the  arch  passed 
over  by  the  index  will  be  the  error,  arising  from  the  want  of  parallelism  en' 
the  glas>»  at  D. 


*«•• 


DESCRIPTION  AND  USES 

OK    TUK 

CIRCLE   OF   REFLECTIOIV. 

THE  Circle  of  Reflection  was  invented  by  the  celebrated  professor  Mayer- 
of  Groningen,  and  has  since  been  greatly  improved  by  the  Chevalier  de 
BoRDA,  Mr.  Troughton,  and  Mr.  Mexdoza  y  Rios.  In  its  present  im- 
]>roved  state  it  has  a  decided  superiority  over  the  sextant  in  measuring  the 
distance  of  the  moon  from  the  sun,  or  a  star,  on  account  of  its  correcling,  in 
a  great  measure,  the  errors  arising  from  a  faulty  division  of  the  limb,  want 
of  parallelism  in  the  surfaces  of  the  'mirrors  and  coloured  glasses,  and  en- 
tirely avoiding  the  error  which  might  arise  in  a  sextant  from  the  mirrors  not 
being  parallel  when  the  index  is  on  0. 

Fig.  1.  Plate  VIII.  represents  the  Circle  of  Reflection,  as  given  by  m: 
I'orda  ;  in  fig.  2  is  a  section  of  the  same  instrument,  marked  with  the  same 
letters  of  reference  as  in  fig.  1.  The  principal  parts  of  thi^^  instniment  are^  the 
rirrular  limb  LMV  ;  the  central  index  EF ;  the  horizon  index  MD ;  tlie  cen- 
tral  glass  or  mirror  A  ;  the  horizon  glass  or  mirror  B ;  the  telescope  GH  : 
thv  coloured  glasses  fig.  S,  4  ;  tlie  haiidle  fig.  b ;  the  ventellc  fig.  6 ;  and  the 
iidjustin^  tool  fig.  7. 

Tlie  Itmb  of  the  instrument  LMV,  is  a  complete  circle  of  metal,  and  iscon- 
iieeti'd  with  a  perforated  central  plate  by  six  radii ;  it  is  divided  into  720^  be- 
vaiite  of  the  double  reflection ;  each  degree  is  generally  divided  into  throe 
eqiui!  parts,  and  the  division  is  carried  to  minuter,  or  lower,  by  means  of  the 
V(  rr.irrs  of  the  two  indices. 

'J'Jif  two  indices  are  moveable  round  the  same  axis,  which  passes  exactly 
1  iirough the  centre  of  the  instrument;  the  centr.il  index  EF  carries  the  cvn- 

'  Tin*  niHhod  of  ralculntlng  the  above  tabular  nunil«>iv  when  ibe  iui^-le  of  incUnAiion  of  IIm  H  liw  mm 
•••J  ^^lli7  >ii  ;;lat!j  diiTtrri  fioDi  W  ii  gi»««  i»  Oi^  tXi»!ajidlion  of  Tnbli;  XXXIV.  preti^cii  lotbe  tabfvjt. 
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Iral  mirror  A;  and  the  horizon  index  MD  carrips  the  telescope  Gil  and  tlie 
horizon  mirror  6 ;  both  indices  arc  furnished  with  verniers  and  tangent 
ftcrews  at  O  and  N. 

The  eentnU  mirror  A  is  placed  on  the  central  index  immediately  above  the 
centre  of  the  instrument ;  the  plane  of  this  mirror  makes  an  angle  of  about 
S(P  with  the  middle  line  of  tli^  index,  and  is  adjusted  perpendicular  to  the 
plane  of  the  uistrumcnt,  by  means  of  the  screws  placed  on  the  back  part  uf 
the  frame  of  the  mirror. 

The  horizon  frjoss  B  is  placed  on  the  horizon  index  near  the  limb,  so  as 
to  interfere  as  little  as  possible  with  the  rays  proceeding  from  objects  situat- 
«h1  on  the  opposite  side  of  that  index  with  respect  to  the  central  mirror. 
The  horizon  g1:iss  is  adjusted  perpendicular  to  the  plane  of  the  instrument 
in  a  omilar  manner  to  that  of  the  horizon  glass  of  a  sextiint :  and  in  some  cir- 
cles this  mirror  is  moveable  about  an  axis  perpendicular  to  the  plane  of  the 
iustrument,  by  which  means  the  situation  with  respect  to  the  telescope  may 
be  adjusted. 

The  ttU3cope  GH,  attached  to  the  olhor  end  of  the  horizon'  index,  is  an 

astronomical  one  inverting  the  observed  objects,  and  has  two  parallel  wires 

iu  the  common  focus  of  the  glassej^,  distant  from  each  other  between  two 

and  three  degrees.     These  wires,  at  tlie  time  of  observation,  must  be  placed 

]ianUe]  Ui  the  plane  of  the  instrument :    To  effect  this,  marks  are  made  oji 

ibf  eve-picre.  and  on  the  tube  at  G,  and  by  making  them  coincide,  the  wires 

niay  be  brou^^ht  to  their  proper  position.     The  telescope  may  be  raised  or 

depressed  by  two  screws  I,  K,  so  as  to  lie  directed  to  any  part  of  the  hori- 

^-OQ glass;  and,  by  means  of  the  graduations  on  the  swo  standards  i,  A',  the 

telescope  may  be  rendered  parallel  to  the  plane  of  the  instrument. 

There  are  two  sets  of  coloured  glasses  (fig.  3,  4)  each  set  usually  containiir^;; 
four glasses  of  diflercnt  shades;  the  glasses  of  the  larger  set  (fig.  4)  whieli 
-»rejrfaced  before  the  central  mirror  at  a,  a,  should  have  each  about  half  th»^ 
degree  of  shade  with  whicli  the  corresponding  ghisses  (fi;;.  3)  of  the  other 
'^*^t,  placed  at  G,  are  tinged,  because  the  rays  from  the  luminous  object  pass 
twice  through  the  coloured  glass  placed  before  the  central  mirror,  and  only 
^'>ce  through  the  other.  The  glasses  pkiced  at  cr,  a,  are  kept  tight  in  thefi- 
P^ces  by  small  pressing  screws  «it  their  ends,  or  by  slides  passing  in  front, 
throu^i  perforations  in  the  stems  of  their  frames :  when  fixed  for  observa- 
tion they  make  an  angle  of  about  35^  with  the  plane  of  the  instrument,  by 
^Wch  means  the  image  from  the  coloured  glass  is  not  reflected  to  the  tele- 
scope. When  the  angle  to  be  measured  is  between  5^  and  30*^,  one  of  the 
^est  set  is  to  be  fixed  at  a,  a;  in  other  cases,  one  of  the  smaller  SQt  is  to  be 
Hwed  in  the  socket  C  The  reason  of  using  the  large  glass  is  this — when 
(be  small  glas^  is  placed  at  C,  it  intercepts  the  direct  light  of  the  luminous 
•j>j«ft  in  its  passage  towards  the  central  mirror,  If  the  ol>iect  happens  to  be 
''ituated  witlun  the  angular  space,  included  by  the  lines  from  the  centre  A, , 
^J  the  sides  of  the  frame  of  the  glass  placed  at  C*  This  v*  aviilded  by  usiiijj, 
^w  larger  glasses. 

'^chandU  (fig.  0)  is  of  wood,  and  is  fixed  to  the  back  of  the  instrument  im- 
"wdiately  und<T  the  centre.  By  this  it  is  held  during  the  time  of  observation- 
Tbe  venUlle  (fig.  6.)  is  used  iu  terrestrial  observations  to  diminish  the  light 
•fthe  object  seen  directly,  t<»  render  it  equal  in  brightness  to  that  of  the  objects 
^**n  by  reflection :  this  is  performed  by  putting  the  ventelle  in  the  socket  D. 
*'ul  raising  or  depressing;  it  till  the  (»bjects  appear  of  equal  brightness. 

There  are  two  adjusting  toots  of  the  form  represented  in  fig.  7;  they  ar#* 
'^ctly  of  the  same  size,  and  their  height  is  nearly  equal  to  that  of  the  ceji- 
^fal  mirror ;  they  may  be  used  in  adjusting  the  central  mirror  perpendicular 
'**  IIm*  [tlane  of  the  instrument,  and  in  making  the  axis  of  the  telescope  pa- 
^llel  to  that  plane. 

The  UKstruiiient,  as  we  have  now  described  it,  is  the  same  as  it  was  left  by 
'^'Borda;  Mr.  Tronghton  has  since  suggested  the  impro\t*ment  of  fixing 
'« the  horiz*m  iridej;  tlie  arch  WSiMl,  and  providing  it  with  two  sliding 
I'lOppK  U,  X.  iii  ordi»r  t«   fs^cUitite  the  fixing  the  indices  at  their  proper 
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an^lps  ^itJi  each  other  in  taking  succepsive  observations.  When  tlie  central 
aiiri  horizon  {glasses  arc  parallel,  tlic  central  index  covers  the  space  SP  of 
thp  arch,  and  the  spaces  SW,  PR,  are  each  divided  into  def;rees  from  S  to 
Vr,  and  from  P  to  R*  and  numhiTed  0  at  S  and  P,  and  continued  to  130^ 
towards  W  and  R.  The  use  of  this  arch  and  sliding  pieces  will  be  explained 
hereaftt'r.* 

That  ingenious  niathrointician  and  navi{:;ator,  M.  Mendoza  y  lUos,  has 
fiirtlier  improved  the  circular  instrument  liy  the  substitution  of  a  circular 
ring  (moving  round  the  centre  of  the  instrument  over  or  adjacent  to  the 
limb  TMV)  ft)r  a  vernier  instead  of  thosi'.  attached  to  tJie  indices  by  De 
Borda :  and  by  fixing  this  circular  vernier  alternately  t«  each  of  the  indices 
it  servos  as  a  vernier  for  both,  and  after  any  number  of  obser\'ation8,  gires 
the  compound  motion  of  both  indices,  and  thus  double  the  number  of  dis- 
tances are  obtained  by  this  instrument  that  can  be  obtained  by  De  Borda's 
circle  with  the  same  number  of  observations.  Mr.  Rios  has  also  improTed 
the  form  of  .the  handle  for  holding  the  instrument.  In  theory  Uie  instru- 
ment, as  improved  by  3Ir.  Rios,  appears  to  be  superior  to  that  of  De  Borda, 
but  not  having  used  one  of  the  former  kind,  I  caunot,  from  my  own  experi- 
enco,  decide  whether  it  is  so  much  superior  in  practice;  but  Mr.  Rios  Bays 
that  he  fiumd  it  answered  his  expectations.  As  the  mctliod  of  taking^  the 
obsen'ation  is  nearly  the  same  with  both  instruments,  I  shall  confine  myself 
to  the  explanation  of  the  uses  of  De  Borda's,  from  which  tlie  method  of 
using  the  other  will  be  easily  discovered. 

Adjusttncnts  of  the  Circle  of  RtfUction. 

Before  entering  upon  an  explanation  of  the  adjustments  of  tliis  instrument, 
if  will  be  proper  to  premise  that  there  are  three  different  methods  of  o^ 
pf^rving  the  angular  distance  of  two  objects  witli  this  instrument,  viz.  (1)  by 
what  is  called  an  observation  to  the  right,  (2)  by  an  observation  to  the  left, 
and  (3)  by  a  cross  observation. 

All  observation  to  the  rie'ht  is  that,  where  the  object,  whose  image  is  to  lie 
r'*flected  and  the  central  mirror  an?  on  the  same  side  of  the  telescope.  An 
observation  to  the  left^  when  the  object  to  be  reflected  and  the  central  mirror 
are  on  opposite  sides  of  tlie  telescope,  which  in  both  cases  is  supposed  to  he 
directed  to  the  other  object ;  and  a  cross  observation  is  a  combination  of  the 
fore-mentioned  obscrAations ;  the  first  being  generally  taken  to  the  left,  and 
the  second  to  the  right. 

The  adjustments  of  a  circle^  consist  in  placing  tlie  mirrors  perpendicular 
to  the  f»lane  of  tlie  instrument,  and  in  making  the  axis  of  the  telescope  pa- 
rrillel  to  that  plane.  These  are  all  the  adjustments  necessary  in  measunng 
an  angular  distance  by  cross  observations;  but  if  one  obser\'ation  only  lie 
taken  to  the  right,  or  to  the  left,  it  will  be  necessary  to  find  the  division,  on 
which  the  horizon  index  must  be  i)laced,  to  make  the  horizon  glasis  parallel 
1o  the  central  glass,  when  the  central  index  stands  on  0.  These  adjust- 
ments are  similar  to  thosif  of  a  sextant,  but  a  particular  explanation  of  each 
will  here  be  given. 

To  sf:t  the  central  c^Iass  perpendicular  to  the  plane  of  tlie  instrument. 

This  adjustment  may  be  made  by  placing  the  eye  in  front  of  tlie  central 
glass  at  L,  a  little  above  the  plane  of  the  instrument,  and  observing  if  the 
reflected  image  of  that  part  of  the  limb  nearest  tlic  eye  appears  to  make  one 
continued  circular  line  with  the  parts  of  the  limb  towards  T,  seen  to  the 


*  Mr.  Troii(rIiton  nutreeslcil  another  altemuon  in  tb<*  circle,  liai  (as  Mr.  Rios  janljr  chatnyn)  the  li 
meiit  tliuK  alicred  mny  me.  mnftuUrtnl  ao  a  •«x'ant.  th«  limb  of  which  is  eonipleted  to  tlw  wbnle  dr- 
niinferciici*.  A  oiroie  of  thin  dc'^cription  i«  iisuallv  furiii^hed  with  three  indiciit  and  vemien,  hw  tmA 
of  ivlitrh  evvry  obM*nratlon  niu^t  he  read  i>ir.  ThU  in  very  troui)i«*noiu«,  narticubrlr  in  the  niffar.  It 
}<  true  thaltltin  methcyl  currHCl*  in  a  very  great  decree  the  rrmr  uf  ni»t  hnvinf^  tli«  Index  fixed  csacdjo* 
tiie  ci-nire,  or  thatof  tiot  hn\inp  an  inMmment  pertVctiy  circular;  but  ermm  of  thin  kind  In  nnrdn^ 
circle  limy  be  re>liieed  in  any  ratio  by  taking  a  namlier  of  ob«er%aii9n»,  and  the  ermr  will  in  Kenml  be 
fxtrenieh*  nnall  in  takintr  k  auffinetic  number  in  bring  tlm  Imicx  nearly  to  the  point  let  oat  fkimi  |  Ml  that 
i:i  iha>e  importint  points  I  should,  on  the  wliole,  prefer  an  inMrunicnt  of  llorda*s  cooftmcflon. 
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Tight  and  left  of  the  central  f^Iaas ;  for  in  this  case  the  j^lass  is  perpendicular 
fo  the  plane  of  tlie  instrument ;  otherwise  it  must  be  adjusted  by  means  of 
the  MrewB  ti]]  the  two  imai^es  coincide.* 

By  examining  this  adjustment  in  different  parts  of  the  limb,  it  will  be 
known  if  the  limb  be  in  the  same  plane.  If  any  difierence  should  he  found, 
the  central  glass  must  be  so  fixed  that  the  reflected  ima^e  of  the  limb  may 
appear  as  much  ahove  the  direct  image  in  some  places  as  below  it  in  others. 

To  9tt  the  horizon  glass  perpendicular  to  the  plane  of  the  instrument. 

The  central  ^lass  being  previously  adjusted,  and  the  telescope  directed  to 

the  fine  separating  the  silvered  from  the  transparent  pari  of  the  horizon  glass, 

hold  the  instrument  nearly  vertical,  and  move  either  index  till  the  direct  and 

reflected  image  of  the  horizon,  seen  through  the  telescope,  coincide ;  then 

incfine  the  instrument  till  it  is  nearly  horizontal,  and  if  the  images  do  not 

separate,  the  horizon  glass  is  perpendicular  to  the  plane  of  the  instrument; 

Vat  if  they  do  separate,  the  position  of  the  glass  must  be  rectified  by  means 

«f  the  screws  in  its  pedestal. 

Thn  adjustment  may  be  also  made  bv  directing  the  sight  through  the 

tehnope  to  any  well  defined  object;  then,  if  by  moving  the  central  index,  the 

Riected  nnage  passes  exactly  over  the  object  seen  directly,  the  glass  is  per- 

pradicular,  otherwise  its  position  must  be  adjusted  by  means  of  the  screws 

ittached  to  the  pedestal  of  the  glass. 
A  planet,  or  star  of  the  first  magnitude,  will  be  a  good  object  for  this  pur- 

pote.    If  the  sun  is  used,  one  of  the  coloured  glasses  must  be  placed  at  G 

ud  another  at  D. 

Tt  wmke  the  axis  0/  the  telescope  parallel  to  the  plane  of  the  instrument, 

Ibie  telescope  may  be  raised  or  depressed  by  means  of  two  screws  at- 
Mied  to  the  standards  f ,  k^  (fig.  £)  and  passing  through  two  pieces  of  brass 
connected  with  the  tube  of  the  telescope.  On  each  of  these  pieces  is  a  mark 
w  index  by  which  the  telescope  is  to  be  adjusted,  for.  by  bringing  the  in- 
dues to  the  same  mark  on  each  standard,  the  telescope  will  be  parallel  to  the 
phae  of  the  instrament.f 

Tsfaid  thai  ditision  to  which  the  horizon  index  mMt  he  placed  to  render  (Kt 
mirrors  parallel  when  the  central  index  is  on  0. 

Place  the  central  index  on  0 ;  direct  the  telescope  to  the  horizon  glass,  so 
^  the  line  joining  the  silvered  and  transparent  parts  of  that  glass  may  ap- 
pear in  the  middle  of  the  telescope ;  hold  the  instrument  vertically,  and  move 
ifae horizon  index,  till  the  cUrect  and  reflected  horizons  agree,  and  the  division 
"bown  by  the  horizon  index  will  be  that  required. 

TUs  adjustment  may  also  be  made  by  measuring  the  diameter  of  tlie  sun 
U  contrary  directions ;  thus,  the  central  mdex  being  fixed  on  0,  place  a  dark 
'  Ste  at  C  and  another  at  D ;  direct  the  telescope  (through  the  transparent 
put  of  the  horizon  glass)  to  the  sun,  and  move  tne  horizon  index,  till  nis  re- 
^Kted  image  appear  in  the  telescope ;  bring  the  upper  edge  of  the  direct 
noage  to  coincide  with  the  lower  of  the  other,  and  note  the  angle  shown  by 
^  index ;  then,  by  moving  the  horizon  index,  bring  the  lower  edge  of  the 

*  Whn  the  in«riiiMiit  It  ftirnisbcd  wiib  adjiutine  tools,  thin  n^justmenl  maj  he  mnde  in  the  foliotr. 
12  BiBacr.  Sec  Uie  two  tools  on  opposite  parts  of  the  llmh  at  T  and  L  -,  place'tbe  eye  at  r,  at  neariy 
*>>t  hciftit  BM  the  apper  ede<^  oi  the  tools,  so  that  put  of  the  toiU  at  T  ntaj  lie  hid  bj  ibe  rentml 
!■■;  MHTc  the  eCBtral  index  till  the  reflected  Ima^  of  tbt-  tool  nearest  the  ry  appears  in  the  central 
>^M  tke  side  of  tbe  oCbcr  tool  feen  directly,  then  if  the  upper  etiges  of  the  tools  are  apparently  in  tlte 
2*  *»»irtt  line,  Uie  central  gla«  in  pt-rpemliciilar  to  the  plane  of         " 


if  the  insinimeui,  otbeiwiM  its  piisi- 
'■■mBe  SM^asled  tir  the  screws  at'tbe  hark  of  the  t'mni«-. 
^  Vyna  wund  that  'the  mariu  on  the  stamlards  are  inaccurate,  ynu  may  examine  tliem  in  the  riil]o\r- 
2fMi»Kr.  Lmj  tbe  circle  borizontmlly  on  a  table;  place  the  twu'adjuktin^  tools  on  opposite  p.1l^<(  nf 
wHabaiTaad  L(  ami  at  about  12  or  16  feet  diMance  let  a  well  definf^l  mark  be  plpce<1.  m>  a*  to  l>e  in 
fcaiaaslratjtht  Uoe  with  the  lop%  of  tlie  tools;  then  raise  or  I(>wer  the  telrsmpe  tin  the  marH  i<  np- 
lytiily  Id  iW  addiJle  between  Uie  two  wiivs:  then  tne  axi*  of  tbe  i«>le4cn|ie  wi)l  1^  pnrx'.Ifi  in  iho 
r^toi  the  Inrfnneni,  and  the  difference  (if  an»)  belwren  the  divisinni  pointed  out  l»y  ilie  i-Mi*-*^  on 
2**  CndiMifSB  of  tke  ttandanls  i,  k.  (fij;,  Si  wiU  be  the  emr  of  U«e  indices,  by  knuw  In;;  whirl ,  It  v>  Ift 
■*  n?  h  Ibiwe  wlJmtiueDU  to  make  allowniice  for  ibe  error. 
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diiccl  image  10  roiiicide  with  tlio  upper  edjrr  of  the  reflected  one,  and  noir 
;il80  thf!  angle  pointed  out  by  tlio  ind«*x:;  half  the  sum  of  these  two  angles 
will  he  the  point  of  the  limh\vhi*n^  th<'  horizon  index  must  he  placed  to  reu- 
ilv.r  the  mirrors  parallel.  Thus,  if  the  index  in  the  first  observation  stood  on 
473^  iM\  and  in  the  second  on  474^  51'.  tlie  half  sum  Of  tlie  two  474^  i' 
would  he  the  point  where  the  horizon  indfX  must  be  placed  to  make  the 
mirrors  paralh'l. 

ThvJ€  art  nil  the  adjuslmrnfa  ntci"*sari^  to  he  madt*  preparatory  to  mtaiur- 
ing  am/  angular  distance.  Wiien  thi-  anuile  is  measurea  by  cniss  observa- 
tions, the  error  arising  from  the  want  of  parallelism  of  the  surfaces  of  tlie 
mirrors,  and  screens,  will  in  gi'neral  be  very  small;  however,  the  method  of 
verifyiiij;  tliosc  glasses  and  making  allowance  for  any  error  in  them  will  be 
given  hereafter. 

To  ohstrvt  th(  meridian,  altitude  of  an  if  celestiftl  object ,  tithe r  hy  an  ohscrcatiOH 

to  the  right  or  to  the  left. 

The  mi'thod  of  ohservinj;  th«  meridian  altitude  of  an  object  with  a  circle 
is  exactly  simibir  to  that  with  a  quadrant  or  sitxtant.  The  central  index 
must  Ixr  fixed  on  0,  and  the  horizon  index  on  the;  puint  which  renders  tbe 
two  mirrors  parallel;  then  the  aUitude  may  he  tak(*n  either  by  an  obser\'a- 
tion  to  the  ri^ht  or  to  the  left;  but  the  former  method,  in  which  the  large 
<*olour<ul  glass«'S  are  not  necessary,  i.s  in  general  to  he  preferred;  because 
those  large  {^lasses  are  more  liable  to  iMiise  an  ernir  in  the  observation  tlian 
ilie  snuili  ones. 

If  an  observation  to  the  ri^ht  is  to  be  taken,  a  small  dark  glass  must  he 
plarcd  at  (',  if  {\\v  object  be  bright,  then  hold  the  instrument  in  the  righr 
hand  in  a  vertical  position;  move  the  central  index,  according  to  the  order 
of  the  divisions  of  the  limb,  till  the  reflected  image  of  ihe  object,  seen  in  tlie 
telescope,  nearly  to\iclu»s  the  direct  image  of  the  horizon;  tighten  tlie  index 
by  the  screw  at  the  hack  of  th(>  instrument;  make  tlu^  contiict  complete  in 
the  middle  between  the  parallel  wires  of  the  telescope,  by  the  tangent 
.»*crew,  and  by  sweeping,  exactly  in  the  same  manner,  as  wlu?n  observing  with 
u  quadrant,  andth(^  central  index  will  [lointout  the  altitude  of  the  object. 

If  an  observation  to  the  left  is  taken,  and  the  object  be  bright,  a  large 
dark  glass  must  he.  placed  at  a  a,  if  the  altitude  be  belueen  0^  and  SUP; 
otherwise  a  small  glass  at  C ;  hold  the  ins:trument  in  the  left  hand,  in  a  ver- 
tical position,  move  the  central  index  contrary  to  the  order  of  the  divisiooj*. 
and  bring  the  reflected  image  In  contact  with  the  horizon  as  above:  the  an- 
gle shown  hy  the  central  index  being  subtracted  from  7iiO^,  will  be  lb? 
,son;;ht  altitude. 

In  both  these  methods  of  observing  the  meridian  alritude  of  an  object,  llir 
circle,  the  radius  of  which  is  only  Vwe  inches,  will  hardly  be  so  accurate  as  a 
good  sextant  (»f  a  larger  radius ;  but,  by  the  help  of  a  well  regulated  watch. 
tlie  nuTidian  altitude  mny  he  obtained,  hy  the  circle,  to  a  much  greater  de- 
gree  of  aecura<'y  than  by  a  sextant,  by  i>bserving  in  the  following  manner. 
A  few  minutes  before  the  objeet  passes  the  meridian,  begin  to  observe  the 
altitude  hy  cros.-»  observations  (in  the  manner  to  be  described  ui  the  next  ar- 
ticle) and  note  the  time  of  each  observation  by  the  watch:  continue  to  ob- 
M*rv«!  till  a  few  minutes  after  tin*  object  has  passed  the  meridian:  then  ihj^ 
tingles  shown  by  tJie  ei^ntral  index  being  divided  by  the  whole  number  of 
observations,  will  give  the  approximate  meridian  altitude;  the  correction  to 
be  applied  to  it  to  obt'.un  the  true  meridian  altitu(h%  may  be  found  by  mea&s 

*  III  •minr  iH^tnimrnts  iIipfp  is  nii  ud.iustiiicni  of  thf  lifiri/oo  glas%  to  jitncc  it  atlH  pniper  aiieto  with 
ilif  H^i*-  ul'  tlic  tetv'ciijH' ;  if  uii  a'tJiLsiiucnt  of  thi»  kin«]  i^  uprifs  iiy,  li  f>ii;:lii  lo  Im  uimlf  iiefure  IM  ulArr 
.1  i.i:Mliiit*iit^.  ill  sii<ii  iiiniiaer.  tliat  ii'  a  rulouml  jzinss  tM>  fixtM  nit  (',  i.i.ie  ut'  llip  ny*  tn>iii  ttie  ccMnil 
;.::i>is  i»ii  lie  rrflecldl  Id  Ilio  lL*lri«rone  Iruui  ilif  Imiiion  i;\ni*  whhniit  pa!>siii«^  tlie  culimrpti  ^Irm.  'T« 
<  iV,*f|  ih'«.  tliR  vtHttfU  mii«t  iMf  |tlni:i'ii  at  I>,  ami  lo»verptl  %-t  ai  to  i'liert-ept  liir  itircn-t  hcU^  cfitlialy  i  Ukv 
]  1  \f  till-  cnlnun-d  ^if|ss  ol  O,  niul  din  cl  tin*  lelosi-oiiu  to  the  mIvitvii  iMiltif  iLe  horiznu  glius;  niuv%!  IB? 
I'i'cUMi  i'lilcx,  nmi  ii*  uo  uncuiiitirvil  iiniipti  iip|H>ar  (rHliM" led  Iruiu  tlie  ceiuial  ^ltt>N)  Cut  ail  bnveUie 
".t.if  liK'.i.';!.'  iliiii  III  till'  oilourvil  i;lo««  iisi^i.  ilir  liuhzoD  gla*s  i^i  hi  \U  ]iro|irr  fifKirhin;  nf&iTiV'!^  \i 
,i.it<i  :■'•  i.ii'lf'lon  i:«  .i\\*  till  tin*  iiucuitiuiod  iiiijyv-:i  iliuipiiviii-. 
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t»r  Tables  XXSII.    and  XXXTIL   by  :i  method  which  ivill  hv  i-xplaiiipd 

liereafter,  when  treatinf;  of  findini;tho  latitude  by  a  single  nltitude  of  the  sun. 

Id  this  article  the  meridian  altitude  has  onty  been  spoken  of.  though  it  is 

evident  that  the  method  is  applicable  to  au  object  not  on  the  meridian  ;  but 

in  this  case  the  cniss  observations,  which  ^ve  to  the  circle  .-ill  its  advantages, 

may  be  used,  and  the  mean  of  the  altitudes  taken  instead  of  a  sini^Ie  alti- 

tow:  this  method  is  peculiariy  adapted  to  the  taking;  of  altitudes  for  re;;u- 

bring  a  watch,  for  which  r«»6on  it  will  be  particularly  explained  in  the  fol- 

lowing  article:— 

To  take  attitudes  of  (ht  sim  or  any  celestial  object,  by  cross  abserralions^  for 

regulatini^  a  tcatch, 

Fil  the  central  index  on  U,  and  if  the  nhj-.'t ;  be  brif^ht  and  the  altitude  be- 
tween 5"^  and  Sb^  plaie  a  large  coloured  glass  before  the  central  glass,  at  ff  tr, 
utherwise  a  >maii  one  at  C  ;  hold  the  instrument  in 
tbe  left  hand,  in  a  vertical  position  :  move  the  hori-  Times  of  obs. 
son  index  till  the  imajce  of  the  reflected  object  be        411.20/  0. ' 
hoQi^t  in  complete  contact  with  the  horiztiu,  in  the        ^-   |**  J^* 
middle  between  the  two  parallel  win*s  of  the  tel-       ^J*  ^-  'J* 
cxope,B8  directed  in  the  preceding  artichs  and  note        ^*   24.  4-,* 
the  time  of  observation  by  the  watch;  then  fasten       4*  25!  30. 

die  horizon  index:  hold  the  instrument  in  the  ripht      Anglr. 

hind/ma  vertical  position,  move  the  central  index  6)36.   16.  40.       6)60-  24' 

according  to  the  order  of  the  divisions,  till  the  re-      

••tted  image  be  again  brought  into  complete  con-         4.  22.  47.  10.    4. 

tart  with  the  horizon"  as  above,  and  note  the  time      

<»f  observation.    Then  half  the  sum  of  the  times, 

and  half  the  angb»  shown  by  the  index,  will  be  a  mean  time,  and  a  mean 

altitude  corres|»onding  thrreto. 

If  peater  accuracy  be  requind.  the  observation  must  be  repeated,  setting 
out  from  the  points  where  the  indices  then  are,  and  observing  in  the  same 
maoner  by  moving  first  the  horizon  index,  then  the  central  one :  continue 
Asking  as  many  of  tlu'se  cross  obwrvati«»ns  as  are  judged  necessarj",  and  notf» 
the  tinifcs  of  each  olisi-rvation  :  Then  the  sum  of  the  times,  divided  by  the 
'hole number  of  nbsiT>ations,  will  ho  a  mean  time;  and  the  angle  shown 

5  the  central  index,  divided  by  the  ninnher  of  observatituis,  will  be  a  mean 
ilnde  correaponding  thereto.  Thus,  if  six  observations  were  taken,  and  the 
tnnes  noted  a:*  in  the  adjoined  table,  tlie  .ingle  shown  by  the  index  being 
**^24'.  the  nie;m  timi'  would  bi*  obtained  by  dividing  the  sum  of  the  times 
-6h.  16'  10"  by  fi.  and  the  mean  altitude  hy  dividing  fiO-  ii'  by  Ti;  therefore 

the  mv-hD  time  woiiM  he  Ih.  21'  M"  ur.d  the  mean  altitude  correspondin;; 
W-  4'- 

^^iKLfjOLSurt  the  distance  bdwec.i  th*:  su.i  and  vioon,  hj  a  circular  inslrumrvt. 

The  instrument  bein;;:  well  adjusted,  fix  the  central  uulex  on  0,  and  if  tlie 
f*'j«rtbe  bright,  place  a  small  dark  glass  at  C:  h<»ld  the  instrument  so  that 
^  plane  may  be  din»eted  to  the  objects,  with  it**  face  downwards  when  the 
'^  is  to  the  right  of  the  moon:  othenvise,  with  its  fan*  u^^wards:  direet 
toe iiight  through  the  telescope  to  the  moon;  move  the  horizon  index  ao- 
'wding  to  the  order  of  the  divisions  of  the  limb,  till  the  reflected  image  of 
'^*sun  appears  in  Uie  telescope,  and  the  nearest  limbs  of  the  sun  and  nioi»n 
^'^ almost  in  contact;  fasten  the  index,  and  make  the  euineidenee  of  tlse 

*  ^  vch  d«*>rrilii'il  iin  the  iimlr  liy  ilitr  r«nilnit  index  will  be  eniial  lo  iwirc  tlir  altitude  of  the  ulj>>ri, 
'■■'l«ic*  ili^iiiii.'ie  pu^M**!  civ,T l»  tbr  uiher  iiwlex :  if  nwre  cro»»  ijUiHfrv  .linn*  he  itken,  •■.i'Ij  i)f  ilif  iuii.- 
^*bia  nvrtiti.ikiil  ilfKi  iIm'  hd  airh  ^y.-A  tufl'rtible  tbcKitilnJv  fif  ilio  oiijrrt :  iln*  stiiue  is  to  hr*  rttm  i « - 
*iiiniuf«..Brii]p  nny  4Mh4*r  iii';;iiiar  di«t:iii«;  \(  the  iiutrunieiit  is  furiuoiinl  uiih  tlie  nrcli  WSI*.  iir-l 
*!'^^plccrt  I',  X.joa  miiM  t.rinjf  the  Miilp  X  lo  tlie  central  liH't-x  alter  ukin;;  th.*  fir^r  dlm-rTrtti.-n  ■  . 
'••wn.Biil  place  the  f\'^'r  V  iiiihc  tiiiiif  ili-^rree  on  lUo  arvli  fciW  I'int  X  i*  imi  the  arch  PR ;  Ibt-u,  in  Jh** 
**|^l>t»ei«atK«u.  U:e  rt-.iuA  u-aWx  in  to  U*  lirrHi^rht  to  tourh  li.e  ^l.iU- 1- :  in  the  lU'Xl  oh«<T%aiion  tti  tlir- 
^'i  tke»tMlc  X  if  tu  iH*  bniuL'til  tn  the  rcntral  iniVx,  niyJ  Mi  mi  ior  the  olbfrol«>or%Hti»n<.  1  hiiiE.I'.v  menti'. 
«T  tl*  «iiilv«.  (betiMiii->>«  III  ly  lio  jilirft-d  iit  nearly  ilieir  proprr  nn^les  wilh  eecU  ntlier  ut  ihr  lietrinnm;;  i.i 
'"^ "iHerTaSiott,  wbirh  \»iir*:i*eriii»«.iilrrablc  linn'.  Afiirrbrinp  thus  Axcii,  Uiu  riMit.n-r  must  I*  Cv/inpkii  -s 
'•  'i*k|Knf  ibttnrirem  »'-:•  ■'.  «  r:l-i-i:!il<  X.  iil>Ii-l'ii  lol.K>tnovci!. 
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limbs  perfect,  in  the  middle  between  the  two  parallel  wires  of  the  teleacopr, 
by  means  of  the  tangent  screw  of  the  horizon  glass,  and  note  the  time  of  ob- 
ticrvation,  then  invert  the  instrument,  and  move  tlie  central  index,  according 
to  the  order  of  the  divisions  of  the  limb,  by  a  quantity  equal  to  twice  the 
arch  passed  ovit  by  tht'  horizon  index  (or  twice  the  distance  of  the  sun  and 
moon  ;*)  direct  the  plane  of  the  instrument  to  the  objects;  look  directly  al 
the  moon,  and  the  sun  will  be  seen  in  the  field  of  the  telescope :  fasten  the 
4*entral  index,  and  make  th(i  contact  of  their  nearest  limbs  complete,  in  the 
middle  between  the  two  parallel  wires  of  the  telescope,  by  means  of  the 
tangent  screw  uf  the  central  index,  and  note  the  time  of  observation;  then 
half  the  arch  shown  by  the.  central  index  will  be  the  distance  of  the  nearest 
limbs  of  the  sun  and  moon,  and  half  the  sum  of  the  times  will  be  the  mean 
time  of  observation. 

Having  finished  these  two  ol)servations,  two  others  may  be  taken  in  the 
s'ame  manner,  setting;  out  from  the  points  whore  the  indices  then  are,  and 
moving  first  the  horizon  index,  then  tlie  central  index :  proceed  thus,  till  as 
many  observations  as  are  jud^^t^d  necessary  be  taken,  always  observing  thai 
the  number  of  them  be  even ;  then  the  angles  shown  by  the  central  index  (oi 
that  angle  increased  by  7^0^,  or  14 10^,  &.c.  if  the  index  has  been  moved  once 
or  twice,  Sec.  round  the  limb)  b**in;^  divided  by  the  whole  number  of  obser- 
vations, will  give  the  mean  distance,  and  the  sum  of  all  the  times  divided  in 
like  mann(T  will  be  the  mean  time  of  observation. 

To  mtasure  the  diiftanct  between  the  moon  and  star,  by  a  circvlar  instrumait 
Fix  the  central  index  on  0,  and  if  the  moon  be  bright,  and  the  distance  be* 
Iween  5^  and  dO^,  place  a  large  ^reen  glass  before  the  central  mirror  at  aa^ 
otherwise  a  Mniali  one  at  C ;  hold  the  instrument  so  that  its  plane  may  be 
directed  to  the  objects,  with  its  face  downwards  when  the  moon  is  to  the 
right  of  the  star,  otherwise  with  its  face  upwards ;  direct  the  sight  througli 
the  telescope  to  the  star ;  move  the  horizon  index,  according  to  the  order  oi 
the  divisions  of  the  limb,  till  the  reflected  image  of  the  moon  appears  in  the 
telescopt;,  and  the  enlightened  limb  of  the  moon  be  nearly  in  contact  witt 
the  star;  fasten  the  index,  and  make  the  coincidence  perfect,  in  the  middle 
between  the  parallel  wires  of  the  telesc«>ne,  by  iii  .uis  of  the  tangent  screw 
belonging  to  that  index,  and  noW  (he  time  of  observation;  then  invert  thi 
instrument,  and  move  the  central  index,  according  to  the  order  of  the  divi 
sifiir.  of  till'  limb,  by  a  quantity  equal  to  twice  the  arch  passed  over  by  thi 
liurizon  index  ;"  din'ct  the  plane  of  the  instrument  to  the  objects,  look  di 
nctly  at  the  sUir,  and  the  moon  will  be  seen  in  the  field  of  the  telescope 
fa2>tLn  the  central  index,  and  make  the  contact  of  the  enlightened  limb  of  tfai 
moon  and  the  btar  complete,  in  the  middle  between  the  two  parallel  wires  o 
the  telescope,  by  means  of  the  tangent  screw  of  that  index,  and  note  thi 
time;  then  half  the  arch  shown  by  tlie  central  index  will  be  the  distance  o 
tiie  star  from  the  enlightened  limb  of  the  moon,  and  half  the  sum  of  th« 
times  will  be  the  mean  time  of  obs4'rvation ;  these  two  observations  hcin; 
compli'ted,  others  may  he  taken  in  the  same  manner,  according  to  the  di 
reetions  above  given  for  measuring  the  distance  of  the  sun  from  the  moon. 
In  enntinuing  to  take  these  cross  observations  by  a  circle  furnished  wit) 
the  arch  WSR,  and  slides  U,  X,  it  will  be  very  easy  to  bring  the  reflected 
image  into  the  field  of  the  telescope ;  but  if  the  instrument  is  not  thu 
iurni»hed,  it  w ill  hv  often  difiieult  to  bring  the  image  into  the  field  of  th 
telescope,  and  much  lime  will  be  lost,  and  the  obscr^'ations  renderei 
tedious  by  that  means ;  to  remedy  this,  a  small  table  of  the  angles  a 
which  each  index  should  be  placud,  ought  to  be  made  before  beginning  thi 
observation :  this  table  is  easily  formed,  :is  follows :  ihid  roughly  accordin] 
to  the  directions  heretofoi*e  given,  the  point  at  which  the  horizon  glass  mus 
be  plart>d  to  be  parallel  to  the  central  glass,  when  the  central  index  is  <ii 
0 ;  then  find  what  point  of  the  arch  the  horizon  index  stands  upon  attc 
measuring  the  first  distance,  as  din^'ted  above ;  the  difference  between  thcs< 

-  This mny  Xv done ox^tflirfTtitfU^y  l*y n.cans  of  llw slidci U. X, as  huh  t^sit.ilnvd In tlif  |ircceil[ncii«ilji 
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two  pMnti  will  be  the  anpikr  distance  of  the  olijcirts;  llit^  duuhle  of  this 

distaim  bang  auccpssivciy  ^ded  to  0^,  and  to  the  angle  -^j 

pointed  out  bj'  the  horizon  index  after  thi^  firnl  ohsi-n'utiiin,  ' 
will  ■Jre  the  points  of  the  arch  where  the  indiees  mxat  he 
plMed  at  the  td.  3d.  4th.  &.c.  o1)ser\'atiun:i.  Thtts,  if  tlie 
poiat  of  pkrallelism  was  471^  and  tlip  puint  where  the  hiiri- 
MD  Kidex  was  at  the  fint  obscnatioii,  wau  D£lj^,  the  differ- 
CBca  or  &4P  would  be  the  angular  diiilance ;  the  double  of 
whicb,  or  10S°,  bein^  added  to  'jii'^  Rives  635'^.  tihivh  is  the 
pouit  of  the  arch  wliere  that  index  must  be  placed  at  tlic 
thiidobBertation;  CSS^  added  to  lOg^  gives  711°  ur  3I<'  (b( 


■-■■ 

0'^ 

lOH 

eaa 

■in: 

SI 

•Jil 

1     liU 

iai 

.3, 

e  the  divisions  recommence  at  TSO")  uliich  is  the  point  where  the  index 
mot  be  phced  at  the  Bflh  observation,  te.  as  in  the  adjoined  Table.  The- 
KDtnl  iiMfx  being  at  first  on  0°,  after  the  second  obsen-alion  it  will  be  on 
IMO.at  the  fourth  an  10EC'+10BO=2iao.il  the  sixth  on -1160+ 10bO=S24=', 
be.  Thus,  bj  consUntly  addiug  lOSO,  or  twice  the  distance  of  the  object, 
iheaodesi  at  which  the  indices  niu^t  be  |ilaci.-d,  will  lie  obtained;  and  by 
fliag  tbem  at  these  angles,  the  rcflccti;d  image  will  be  l>roiight  into  the  fittld 
at  new  without  any  trouble.* 

Baring  explained  the  nietliodii  of  adjusting  and  using  the  circli^  of  reHet'- 
ItM,  it  renMiru  to  show  how  tii  calculate  the  error  arising  from  not  observing 
■btcontact  of  the  objects  in  the  middle  biitween  the  )>aralli-l  wires  of  thi- 
Idcscope,  and  also  to  estimate  the  errors  arising  from  the  want  of  parallelism 
of  the  mirrors  and  coloured  glasses.  Tliesn  verifieatiiins  arc  much  nmre 
Mtenuy  in  a  sextant  than  in  a  circle,  aud  they  may  be  iti  geiiiral  neglected. 

TttillmaU  tit  trror  arising  from  iml  obt(rtiiifr  thecoalact  of  the  objetli  in- 
the  middU  biUntit  the  j/aralkl  irires  oflbt  tthscojit. 
To  Mtunatc  that  error,  it  is  neei-ssarj-  to  know  the  angular  di^^tunre  of  the 
Oiks  of  the  tclesco|>e,  whicli  may  bellius  determined. 

Tvn  round  the  eye-piece  of  the  telemrope.  till  the  wires  are  perpeiidivu- 
lulotbe  plane  of  ihc  inslrumirnt,  and  put  tlit^  central  index  on  0;  direct. 
Ibt  telcMope  to  any  well  defined  uUjecI,  iit  least  Vl  feet  distant,  and  move 
tbclnriMni  iiklei  till  the  direct  and  retlecliui  image  of  (lie  object  coincide; 
then  make  wk  of  tlie  wires  coincide  with  the  object,  imd  turn  the  centrst  in- 
dex till  the  reflected  image  of  the  object  coinrides  with  the  other  wire — and 
UkvcIi  paiised  over  by  that  index  ujll  be  the  angular  distance  between  the 
*iKa.  This  angle  beiii;;  obtained,  Ihc  ub^Tvcr  niusi,  by  menns  of  it,  esti- 
lUt'r,  at  each  obsiLTVation,  how  much  the  place  where  the  contact  was  ob- 
Wrtd  was  elevated  alrave,  or  depressed  below  the  plane  passing  through 
'key  and  the  middle  linebt^tween  the  two  )iara1lel  wires  uf  the  telescope: 
tbecunvctioD  inTahleXXXV.  coTri:sj>uiidin);IOlhis:ini;le,  islulieHiihtracted 
froB  the  oliserved  iingidur  distance  of  tiw-.  objects:  thtis  if  the  distance  b)-- 
iKeen  the  wires  was  i^,  one  of  them  would  he  eletuted  aboi-e  that  ]>huu^  1^' 
*bA  the  otlier  depn^sed  below  it,  by  the  same  rpinntity ;  if.  in  taking  an  nb- 
wrntion,  tlie  [luint  of  contact  was  estimated  to  be  onc-tliird  part  of  the  dL-^- 
laore  from  the  middle  toward."  either  wire,  the  aii^Ie  of  elevation  or  depres- 

Nuo  would  (h- one-third  part  <>f  f^  or  Sll':  and  if  the  otisfrrved  distance  wh-= 

IW^tbe  riirreclion  in  Tiible  XX>:V.  would   bi:  lU"  !<iibtractive  from  lh>- 

<if>ien-ed  distance. 
The  correction  fur  each  observed  di;tatice.  In-ing  ascertained,  in  the  ahiive 

manner,  the  sum  of  them  must  be  siibiracted  from  the  whuht  angle  shown 


*  irtlie  dislnnec  orilir  oUjrct  vrirics  iluriii;:  Ihc  olwcnalion,  these  sng;les  will  rrc|iiiru 
coneetioii  uyuii  pron-ed  with  the  obscnfljuni.  Iliiiiirilir.  tlisbini'c  wm  incrrnsin;. 
and  at  the  (ixtli  obMrrtnUon  it  var  I'.tiuA  thai  lie  ccntnl  ir.jRi  was  on  :it6'-  inslcaJ  uf 
3M-,  the  inmase  beinji  i-,  yuu  muit  aJ.l  -i  (□  tlic  rest  of  Ibe  niiniliera  in  llie  Talile, 
>nd  place  the  horizon  index  nt  the  leitiith  ulnenatiaii  an  litJ- -|-i '=131"  atid  Ihc 
c-Diral  Lidei  at  the  ci:;1ith  ob:cn  jliqn  at  J33  -|-a  ^41^1 ',  &c. 

Q 
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T)V  the  TMitrnl  indi'X,  and  tlio  n*niaiiider,  divided  by  fhft  whole  number 
onscrvations,  will  be  tho  nifan  distance. 

Vtrif  cation  of  the  imralldUm  of  the  surfuces  of  the  antral  mhror. 

This  v<'.riH('.ati(m  is  to  be  made  ashrVrr,  by  observing  the  angular  distan 
of  two  well  deiiiied  objects,  whose  distance  exceeds  90°  or  lOcf^,  having p] 
piously  well  adjusted  the  instrument;  after  takinid;  several  cross observatio 
iind  finding  tlie  mean  distance,  take  ont  the  central  mirror  and  turn  it 
I  hat  the  edge  which  was  formerly  uppermost  may  now  be  nearest  the  pla 
nf  the  instrument;  rectify  its  position,  and  take  an  equal  number  of  en 
observations  of  the  angular  distance  of  the  same  two  objects;  half  the  d 
ference  between  the  mean  of  these,  and  that  of  the  former,  will  be  the  en 
of  the  observed  angle,  arising  from  the  defect  of  parallelism  of  tbe  cent 
mirror.  If  the  first  mean  exceeds  the  second,  the  error  is  subtradive,  oth< 
wise  additive,  the  mirror  beini;  in  its  first  position ;  but  the  coutrarj  wh 
in  its  second  position.  Thus,  if  10  observations  were  taken  at  each  opei 
tion,  and  in  the  first  the  angle  shown  by  the  index,  was  1199°  53^',  and 
the  second  li^OO^  6^';  by  dividing;  by  10  tlic  mean  angles  are  found  to 
119^  59' SI"  and  liO^  0'rf9'\  the  difference  of  which  is  78",  the  half  of  whi 
or  S9"  is  the  error  of  the  mirror  additive  when  it  is  in  its  first  position,  si 
tractive  in  the  second.  The  error  for  any  other  angle  may  be  found  by  c 
1.  Table  XXXIV.  when  the  inclination  of  the  plane  of  the  horizon  g^ss 
tlie  axis  of  tlie  telescope  islti^,  by  saying,  as  the  tabular  error  corrcspor 
ing  to  lao^  that  is  1'  SO"  is  to  the  error  found  in  the  glass  S9"  so  is  the  tat 
lar  error  for  any  other  at  85^  which  is  0'  '£&",  to  the  error  of  the  gli 
f!0rrespouding  V2,'';  and  iu  this  manner  a  tiblc  of  errors  may  be  made,  i 
only  for  the  cross  observations,  but  also  for  the  observations  to  the  right 
h^ft..* 

It  may  be  remarked  that  the  errors  are  inuch  less  in  Uie  cross  obscrvftUc 
ilian  in  the  observations  to  the  right,  which  are  those  made  with  a  quadn 
or  sextant,  so  that  the  circle  has,  in  tliis  respect,  greatly  the  adranllip 
tliose  instniments. 

The  angle  l>etween  the  plane  of  the  hori/.on  glass  and  axis  of  the  te 
scope  produced,  being  nearly  the  same  in  all  observations  and  adjustmei 
of  the  circle,  no  sensible  error  can  arise  from  the  want  of  parallelism  in  t 
^urfaces  of  that  glass. 

Vtiifcathn  of  the  pvralh  Ihm  of  the  coloured  glasfif^. 

Place  one  of  the  dark  coloured  glasses  at  C  and  another  at  D,  fix  the.  cf 
tral  index  at  0,  direct  the  tclescojX'  to  the  sun,  and  move  ihe  horizon  ind 
till  the  limbs  of  the  direct  and  rellected  imaRt^  coincide;  then  turn  the  da 
plass  placed  at  C,  so  that  the  surface  which  was  farthest  from  the  horiz 
^.lass  may  now  be  nearest  to  it,  and  if  the  contact  of  the  same  two  limbs 
complete,  the  surfaces  of  the  glass  placed  at  C  are  parallel:  but  if  the  line 
lap  over  or  separate,  the  central  index  must  be  moved  to  bring  tliem  agi 
in  contact,  then  Iialf  the  arch  passed  over  by  that  index  will  be  the  error  ar 
ing  from  the  want  of  parallelism  of  the  glass  C.  If  great  accuracy  is  requin 
the  operation  may  be  repeated,  by  setting  out  from  the  point  where  tlie 
dices  then  arc,  and  taking  4  or  6,  ice.  observations,  then  the  arch  passed  oi 
by  the  central  index  being  divided  by  4,  6,  kc.  will  be  the  sought  ejTt 
The  other  small  glasses  may  be  verified  in  the  samt^  manner;  and  by  ph 
ing  one  of  the  larger  glasses  before  the  central  ind«:x  at  a  a,  and  one  of  t 
smaller  ones  at  D,  the  former  may  be  verifi«id  as  abi  ■  -■.  The  green  glass 
may  be  verified  by  observing  the  diameter  of  the  full  moon,  or  by  soi 
bright  terrestrial  object. 

It  may  be  remarked  as  one  of  the  greatest  advantages  of  tlie  circle,  th 
ill  measuring  an  angle  by  the  cn)ss  obsen'ations,  no  error  can  arise  from  t 

•  If  Uie  inclliMllon  of  the  pkuie  of  tbe  borizou  trlnss  ami  llic  nxii  of  ihc  telescope  diflfer  rrom  flO*,  ^ 
may  fiml  Ibe  tabular  nuiutNfrs  by  the  niujbod  ^ivvn  ia  llie  cxplaoniirtn  of  Tabta  XXXIV.  prdbicd 
tiitfTablts. 
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irant  of  parallelism  in  the  surfaces  of  the  smaller  dark  glasses;  (or  if  those 
l^lasBes  give  too  great  an  angle  by  an  observation  to  the  right,  they  give  too 
little  bj  the  same  quantity  by  an  obserration  to  tlie  left.  It  is  not  so  with 
the  larger  glasses  placed  at  a  a,  because  the  incidence  of  the  rays  on  thosr^ 
glasses  is  more  oblique  in  one  observation  than  in  the  other,  so  that  the  er- 
rors do  not  wholly  balance  each  other ;  however,  as  those  glasses  are  used 
only  in  measuring  angles  less  th^  35^,  in  which  the  errors  are  nearly  the ' 
same  as  if  the  incidence  of  the  rays  was  perpendicular,  the  errors  of  tliose 
glasses  will  also  nearly  compensate  each*  other  in  tlie  cross  observations ; 
and  if  those  observations  only  were  used,  it  would  be  unnecessary  to  veriQr 
the  dark  glasses:— Even  when  taking  observations  to  the  right,  or  observa- 
tions to  the  left,  the  error  of  tlie  dark  glasses  would  be  destroyed,  if  the  glass 
ivas  turned  at  each  observation,  and  the  number  of  observations  was  even ; 
but  there  are  some  cases  in  which  an  angle  can  only  be  measured  by  one 
observation,  then  it  would  be  necessary  to  allow  for  the  error  of  the  dark 
s:M*i.  if  the  distance  was  required  to  be  found  within  a  few  seconch. 


ON   PAKALLAX,   REFRACTION,- 

A.ND 

DIP  OF  THE  HORIZON. 

TARALLAX  (or  diurnal  parallix)  is  the  difference  betwci^n  the  true  altlitttk 
of  the  wn,  moon,  or  star,  if  it  mere  observed  at  the  centre  of  the  earth,  and 
iht  apparent  altitude  observed  at  the  same  instant  bg  a  sj^ectator  at  any  point 
Mi  ike  Murface  of  the  earth. 

Thus  in  Plate  IX.  fif^.  3,  let  ABC  be  the  e^rth,  C  its  rontre,  A  the  place  of 
a  spectator,  EDF  part  of  the  moon*s  orbit,  e  d  O  part  of  the  orbit  of  a  planet> 
and  KZ  part  of  tlie  starry  heavens.  Then  if  at  any  time  the  moon  be  at  I), 
ehe  will  be  referred  to  the  point  H  by  a  snect'itor  supposed  to  lie  placed  ;it 
ihe  centre  of  the  earth,  and  tliis  is  railed  the  trite  place  of  the  moon,  but  tlir 
spectator  at  A  will  refer  the  moon  to  the  point  6,  and  this  is  called  the  {wpa- 
rent  place  of  the  moon,  the  difference  H  b  (or  the  angle  HD6=rADC)  is  called 
the  jnoon*^  parai/ax  in  altitude,  which  is  evidently  greatest  when  the  moon 
14  in  the  horizon  at  E,  being  tlien  equal  to  the  arch  K  I,  and  decreases  from 
the  horizon  to  the  zenith  and  is  then*  nothing.  The  parallax  is  less  as  the 
objects  are  farther  from  the  earth :  thus  the  parallax  of  a  planet  at  d  is  re- 
presented by  a  b,  biding  less  than  that  of  the  moon  at  D;  and  the  hori< 
zontal  parallax  K  /  of  the  planet  is  less  than  the  horizontal  parallax  lyl  '^ 
•f  the  moon.  As  the  parallax  makes  the  objects  appear  lower  tlian  they 
really  arc,  it  is  evident  that  the  parallax  mu.st  be  added  to  the  appareitl 
altitude  to  obtain  the  true  altitude.  Having  the  horizonUl  parallax,  the 
parallax  in  altitude  is  easily  found  by  the  following  rule — As  radius  is  to  th: 
C9-sint  of  the  apparent  altitude,  so  is  the  horizontal  parallax  to  the  parallax  i/i 
altitude.  This  rule  may  be  easily  proved:  for  in  tlie  triangle  CAE  we  havo 
CE  :  CA  :  :  radius  :  sine  CEA;  and  in  the  triangle  CDA  we  have  CD  (or 
CE)  :  CA  :  :  ame  VXD  :  sine  CDA;  hence  we  have,  radius  :  sine  CEA  : :  sine. 
CAD :  sine  CDA,  but  CEA=horizontal  parallax,  CDA=parallax  in  altitude, 
and  sine  CAD=co-*iinp  app.  ;'lt.  Hence  we  have  radius  :  co-sine  app. 
alt  :  :  yiiie  hor.  par.  :  simt  par.  in  alt.  but  the  parallaxes  of  the  heavenly 
bodies  being  very  small,  the  sines  are  nearly  proportional  to  thi'  parallaxe-, 
k'nce  wi'  may  SJiV,  us  radius  :  co-sine  app.  alt.  :  :  hor.  par.  :  par.  in  alt. 

The  srnrs  mean  pnrallax  in  altitude  is  given  in  Tahh?XIV.  for  oarh  f>^  or 
10^  of  altitudi^  Till'  moon's  horizontal  parallax  is  given  in  the  7lli  pa^e  of 
the  month  of  tho  Nautical  Almanac,  for  evory  noon  and  midnight  at  the  in«'^ 
Hilian  of  Green  wrrh. 
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ny.vRWTWy  of  tiik  iieavf.nly  bouiks. 

]|  is  I;nov.  M  liy  various  experiments  Uiat  the  rays  of  li^ht  deviate  from  theu* 
rerliliii<>ar  ('oiii-Sf  iit  pnssin;;  ol)li([iii'1y  out  of  one  medium  into  another  of  a 
ilifiiTeiit  density,  anil  if  the  density  of  tlm  latter  medium  continually  in- 
rre:ist>.  the  I'lys  of  lij^ht  in  passing  tlirough  it  will  deviate  more  and  more 
frtiin  the  right  lines  in  whi<"h  they  wen^  projected  towards  the  perpendicular 
to  the  surfaei'  ui'tlie  niediiini :  This  may  he  illustrated  by  the  following  ex- 
periment: make  a  niiirk  at  the  bottom  of  any  hason  or  other  vessel,  and 
place  yourself  in  such  a  silnatinn  that  the  hitlrr  edge  of  the  hason  may  just 
hi«le  the  mark  from  your  sight,  then  keep  your  eye  steady,  and  let  another 
person  fill  the  hason  gently  with  water :  as  the  ha^un  is  filled,  you  will  per- 
ceive the  mark  come  into  view,  and  appear  to  be  elevated  above  its  former 
situation.  In  a  similar  manner,  the  light  in  passing  from  the  heavenly  bodies 
through  the  atmosphere  of  tlic  earth  deviates  from  its  rectilinear  course,  by 
which  means  those  o!»jects  appear  higher  than  tlu?y  really  are,  except  ivhea 
i?i  the  zenith ;  this  apj>arent  elevation  of  the  heavenly  bodies  above  their  true 
places,  is  called  the  nrfraction  of  those  bodies.  To  illustrate  this,  let  ABC 
(Fig.  2,  Plate  IX.)  represent  the  atmosphere  surrounding  the  earth  DEF,  and 
let  an  observer  be  at  D,  and  a  star  at  a,  then  if  there  were  no  refraction,  the 
observer  would  see  the  star  according  to  the  direction  of  the  right  line  D  Oy 
but  as  the  light  is  refracted,  it  will,  when  entering  the  atmosphere  near  A,  be 
bent  from  its  rectilinear  course,  and  will  describe  a  curve  line  from  A  to  D, 
and  at  entering  the  eye  of  the  observer  at  D  will  appear  in  the  line  D  5, 
which  is  a  tangent  to  the  curve  at  the  point  D,  and  the  arch  ab  will  be  the 
refraction  in  .iltitude  or  simply  tlie  refraction,  which  must  be  subtracted  from 
the  observed  ahit\ide  to  obtain  the  true. 

At  the  zenith  tlie  refraction  is  notliinc,  and  the  lesser  the  altitude  the  more 
obliquely  the  rays  will  enter  the  atmosphere,  and  the  greater  will  be  the  re- 
fraction :  at  the  horizon  the  refraction  is  greatest.  In  consequence  of  the 
refraction,  any  heavenly  body  may  be  actually  below  the  horizon,  when  ap- 
pearing above  it.  Thus  when  tlie  sun  is  at  T  below  the  horizon,  a  ray  of 
light  TI  proceeding  from  T  comes  straight  to  I,  and  is  tliere,  on  entering  the 
atmosphere,  turned  out  of  its  rectiluiear  course,  and  is  so  bent  down  to- 
wards the  eye  of  the  observer  at  D,  that  the  sun  appears  in  the  direction  of 
the  refracted  ray  above  the  horizon  at  S. 

The  mean  quantity  of  the  refraction  of  (he  heavenly  bodies  is  given  in  Ta- 
ble XII.  All  observed  altitudes  of  the  sun,  moim,  planets,  or  other  heavenly 
hodit.'S,  must  be  decreased  by  the  numbers  taken  from  that  Table  coites- 
ponding  to  the  obsen-ed  altitude  of  the  object.  The  refraction  varies  with 
the  temperature  and  density  of  the  air,  increasing  by  cold  or  greater  density, 
and  decreasing  by  heat  and  rarity  of  the  atmosphere.  The  corrections  to  be 
applied  to  tiie  numbers  taken  from  Table  XII.  for  different  heights  of  Fahren- 
)i»it's  Thermometer  and  the  Barometer,  arc  given  in  Table  XXXVI.*  Thus, 
if  the  refraction  was  required  for  the  apparent  altitude  5^,  when  the  thermo- 
meter was  at  t!0^  and  the  barometer  at  30,67  inches,  we  should  have  the 
mean  refraction  by  Table  XII.  equal  to  9'  53",  and  by  Table  XXXVI.  thi^ 
lorrection  corresponding  to  tlie  height  of  the  thermometer  20O  equal  to-4-48'', 
and  for  the  barometer  30,67  equal  to-f  ^^^  hence  the  true  refraction  inll 
he  9'  53''+48"+v>2"=ll'  3^. 

There  is  sometimes  an  irregidar  refraction  near  the  horizon  caused  by  the 
v.'ipours  near  the  surface  of  the  earth ;  the  only  method  of  avoiding  the  error 
ari.-ing  from  this  source,  which  is  sometimes  very  great,  is  to  take  the  ob- 
>ervations  at  a  time  when  the  object  which  is  observed  is  more  than  10^ 
above  the  horizon. 

The  refractirni  makes  any  terrestrial  object  appear  more  elevated  than  it 
really  is;  the  quantity  of  this  elevation  varies  at  different  times  from  |  to  ^y 

^  This  table  is  to  be  oiitcrcd  ivith  the  heigbt  of  the  Thermometer  or  Barometer  at 
ilie  top,  and  the  apparent  altitude  at  the  side,  under  the  former,  and  opposite  the  latter, 
will  hv  tlic  correction  corrc!<ponding  to  the  Thermometer  or  Barometer,  which  is  to  tit 
applied  tu  the  int'an  refract.iun  by  addition  or  inifitrni.'lion  nrrnrdins  to  the  ngrui  ot  fijf 
rckji  ofliie  coln.mas  n'ftpcctivcly.  • 
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of  the  angle  formed  at  the  centre  of  the  earth,  het^reen  the  object  and  the 
observer,  but  in  general  this  refraction  is  about  74  of  tliat  angle. 

DIP   OF   THE   HORIZON. 

Dip  of  the  horizon  is  the  angle  of  depression  of  the  visible  horizon  below 
f  he  true  or  sensible  horizon  (touching  the  earth  at  the  observer)  arising  from 
rhe  elevation  of  the  eye  of  the  observer  above  the  level  of  the  sea.  Thus 
in  Plate  IX.  Fig.  1.  let  ABC  represent  a  section  of  the  earth,  whose  plane, 
produced  passes  through  the  ni^server  and  the  oY>jec't,  and  let  AE  be  tho 
height  of  the  eye  of  the  obsener  above  the  surface  of  the  earth,  then  FEG 
drawn  parallel  to  the  tangent  to  the  surface  at  A,  will  represent  tlu'  true  hori- 
zon, and  EIH,  touching  the  earth  at  I,  will  represent  the  apparent  horizon; — 
therefore  the  angle  FEH  will  be  the  dip  uf  the  horizon.  Let  M  be  an  object 
whose  altitude  is  to  be  observed  by  a  fore  obser^'alion  by  bringing  the  image 
in  contact  with  the  apparent  horizon  at  H ;  then  will  the  angle  MEH  be  the 
obsened  altitude,  which  is  greater  than  the  angle  MEF  (the  altitude  inde- 
pendent of  the  dip)  by  the  quantity  of  the  angle  FEH ;  so  that  in  taking  a 
fore  observation  the  dip  must  be  subtracted  from  the  observed  altitude  to 
obtain  the  altitude  corrected  for  the  dip.  In  a  back  observation  the  appa- 
rent horizon  is  in  the  direction  EK,  and  by  continuing  this  line  in  the  direc- 
tion EL  we  shall  have  the  obsened  altitude  MEL,  and  it  is  evident  that  to 
this  the  dip  LEF  (=KEG)  must  be  added  to  obtain  the  altitude  corrected 
for  the  dip. 

In  Table  XI IL  is  given  the  dip  for  every  probable  height  of  the  observer 
expressed  in  feet.  In  calculating  this  table,  attention  was  paid  to  the  terrcs' 
trial  refraction  which  decreases  the  dip  a  little,  because  IE  becomes  a  cur^c 
line  instead  of  a  straight  one,  and  EH  is  a  tangent  to  that  cur^-e  in  the 
point  E- 

Vrhat  has  been  said  concerning  the  dip  of  the  horizon  supposes  it  frcpt 

from  all  incumbrances  of  land  or  other  objects ;  hut  as  it  often  happens 

when  ships  are  sailing  along  sho^-e,  or  arc  at  anchor  in  a  harbour,  that  an  ob* 

serration  is  wanted  when  the  sun  is  over  the  knd,  and  the  shore  nearer  tlie 

ship  than  the  A'isiblo  horizon  would  be  if  it  were  nnconfincd ;  in  this  casf 

the  dip  of  the  horizon  will  be  diflerent  from  what  it  otherwise  would  have 

been,  and  greater  the  nearer  the  ship  is  to  that  part  of  the  shore  to  whicli 

the  sun  is  brought  down.    For  this  reason  Table  XVI.  has  been  inserted, 

Uhich  contains  tlie  dip  of  the  sea  at  different  heights  of  the  eye,  and  at  dif- 

fnent  distances  of  the  ship  from  the  lanj.    This  table  is  to  be  entered  at 

the  top  with  the  height  (»f  the  eye  of  the  obi^erver  above  the  level  of  the  sea 

infect,  and  in  the  left  hand  side  column  with  the  distance  of  the  ship  from  tho 

land  in  sea  miles  and  parts :  under  the  former,  and  opposite  the  latter,  standi* 

the  dip  of  the  horizon,  which  is  to  be  subtracted  from  the  altitude  observed 

^y  a  fore  observation  instead  of  the  numbers  in  Table  XHI. 

The  distance  of  the  land  requisite  in  findhig  the  dip  from  Table  XVI. 
way  be  found  nearly  in  the  following  manner— I^et  two  observers,  one. 
placed  as  high  on  the  main-mast  as  he  can  conveniently  be.  and  the  other 
^  the  d(«k  immediately  beneath  him,  observe  at  the  same  instant  the  alti- 
t'de  of  the  sun  or  other  object  that  may  be  ivanted,  and  let  the  height  of 
^^  eye  of  the  upper  observtT  above  that  of  the  lower  be  measured  in  feet 
^  multiplied  by  C-OC,  and  the  pniduct,  divided  by  the  difference  of  the 

observed  altitudes  of  the  sun  in  mhmtes,  will  be  the  distance  in  sea  miles> 
Dearly. 

.  Tl{us^  if  the  eye  of  the  upper  observer  was  68  feet  higher  than  that  of 

I?'*  Iriwer,  and  the  two  observed  altitudes 'of  the  sun  20^  0'  and  20^  12'  the 

Jjjf'^incc  of  the  land  in  sea  miles  would  be  3,2.     For  6fi  X0,&6=.iJJ,08  and 

?'**   divided  by  the  difference  of  the  two  observed  altitudes  of  the  sun  lU' 

f!^^^  3,2  nearly.     Now  if  the  lower  obser\er  was  -z:»  fei-t  above  the  level  of 

t^  *«ea,  the  dip  correspfuiding  to  this  height  and  the  distance  i>,2  miles  would 

.,    •5',  which  subtracted  from  iC-^  O'  leaves  10°  04'  the  altitude  corrected  f<»r 

^he  dip  may  be  calculated  in  this  kind  of  obsen'ations  to  a  sufficient  de- 
^**  "^  of  ac ctiraey  without  u^inz  Table  XV  L  rii  the  fnllowm^  tn^^wWT— ^\\W^ 
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f  Ilc  dififerencc  of  the  hrij^hts  of  the  tvt  o  observers  in  feet  by  the  diflVrencn 
of  the  observed  altitude  in  minutes,  and  reserve  the  quotient.  Divide  th<? 
height  of  the  lower  observer  in  feet  by  this  reserved  number,  and  to  the 
(quotient  add  one  quarter  of  the  reserved  number,  and  the  sum  will  be  the- 
dip  in  minutes  eorresponiling  to  the  lower  observer,  Thus  in  the  above  ex- 
ample f  I  rsf/,6  is  the  reser>r<l  number,  and  f,f =4. 4,  to  this  add  one  fourth, 
of  &'.6  or  r.l  and  the  sum  will  be  the  dip  &'.8  or  nt^arly  6'  corrcspondin;;  t« 
the  lower  observer,  being  the  same  as  was  found  by  tlie  table. 


TO  FIND  THE  SUN'S  DECLINATION. 

THE  dcelination  of  the  sun  is  given  to  the  nearest  minute  in  Tab.  IV.  £ur 
'Very  noon  at  Greenwich,  from  the  year  1824  to  1U«S8;  and  this  table 
ivill  answer  for  sonic  years  beyond  that  period,  without  any  material  error; 
if  great  aeeuraey  is  required,  the  declination  may  be  takiMi  from  the  second 
page  of  tlie  month  of  the  Nautical  Almanac."  This  declination  may  be 
reduced  to  any  other  meridian,  by  means  of  T:ible  ^^  in  the  following 
manner. 

To  fintl  the  suns  declination  ut  noon,  at  any  place. 

Rule.  Take  out  the  declination  at  noon  at  Greenwich  from  Table  r\'. 
{or  from  the  Nauticil  Almanac;)  then  lind  the  longitude  from  GreenwicU 
in  the  top  column  of  Table  V.  and  the  day  of  the  month  in  the  nide  colmmi ; 
under  the  former,  and  opposite  to  the  latter,  will  be  a  cornrction  in  minutes 
and  seconds,  to  be  applied  to  the  declinatiim  taken  from  Table  IV :  to  know 
whether  this  correction  be  additive  or  suhtractive,  you  umst  look  at  the  top 
of  the  column  where  you  found  the  day  of  the  month,  and  you  will  see  it 
noted  whether  to  add  or  subtract,  accor^ng  as  the  longitude  is  east  or  west* 
This  correction  1)eing  applied,  you  will  have  the  declination  at  noon  at  the 
given  place. 

EXAMPLE  I. 

Required  the  declinaticm  of  the  sun  at  the  end  of  the  sea-day,  October  LO. 
18U4,  in  the  longitude  of  11 4*^  E.  from  Greenwich.' 
»Sun*s  declination  Oct.  10,  at  Greenwich,  at  the  end  of  the  sea-day 

«»r  beginning  «)f  the  day  in  the  N.  A.  by  Tab.  IV fiO  44'  S. 

Variation  <»f  Dec.  Tab.  V.  Oct.  10,  in  114^  K.  long,  sub 0       7 

True  d«'c.  noon,  Oct.  10.  in  long.  11  ■'^  E 0     87?^. 

EXAMPLE  II. 

Required  the  sun's  declination  at  noon  ending  the  sea-day  of  March  li. 
luZU  in  the  longitude  of  T.*!^  W.  from  Greenwich? 

Sun's  derliiialir)n  March  1-2,  by  Tab.  IV rP  IS'  <«. 

^'ar.  Tab.  V.  March  10,  long.  TftO  AV.         sub A 

True  declination,  nonii.  March  1-2,  long.  75^  W a       8    t?- 

T!ic  prL'ce.ling  cor i«;i  lion  ouglit  nIwa}-B  to  be  applied  to  the  declination  ufcd  in 
working  a  incriiltuii  obsunation  to  dctermiue  the  latitude,  thongli  inany  marincn  an  in 
ihc  hnbit  of  nef^leotitiir  it. 

•  In  fimlin;:  llir  iic(  linalioii,  w  anr  other  quanilly,  iu  Ilii>  Nituiiral  AlRinna'*.  you  inuat  be  iwreful  In 
noU;  Ihr*  difffn-iH.-e  hciwuvii  thv  rUil,  nnuiicil.  and  a.-iiriimiiiiVal  nrniuiit  of  time.  The  rivil  daT  hrplu' 
4tl  iniilnu^hu  mill  ciuls  ilii-  folluwint;  iiiUJiiiffht,  the  intrrvnl  >»riii^'  iliviilril  into  21  buum,  iinil  is  nwkoiiiil 
ill  iiuntpral  siuci'<»mi>ii  frniii  1  to  IL'.  llipn  be^inniiic;  attain  nt  1  and  viifliii^;  at  12.  Thf  nautical  or  ir;i 
*lay  iM'L'iD*'  nt  n<Kin,  IJ  linnrs  l»»»riTe  ilie  civil  «Uiv.  ami  fiuN  Uic  I'ullnwiiig  ikkih:  tbe  first  1^  huun  a«v 
uvtrknl  P.  SI.  ILp  l.itici  A^  JI.  TlinHHifi'Mi-niral  li.iy  Itcinits  hi  iinon.  12  imur'.  after  the  cirtl  day,  and 
1  1  iKMii-N  aut-r  Um'  mm  iljiy.  und  i^  iliiidc  i  mho  24  liuon.  iiuniliontl  in  numend  Mirr«rs«ioii  Irum  I  In  »% 
I'l'ijinnlmr  at  mioii,  ii.i.l  i'!»iliiur  ilifr  IoIIhwuil'  "oon.  All  thr  ndrulaiinn*  nf  llir  Nainiral  AiuMiiac  uie 
i.i».i;|M,|  til  .i*in>niii!iir.d  liirii';  iIm*  •Miliniiiion  marked  in  thr  N.-iuiiral  Alnmnar,  or  in  Table  IV.  1« 
.ih.i;iiiHl  to  liiP  iMr^innin;;  if  tin-  a>iroiMiniii*al  d;iy.  or  lo  ilie  riid  of'  ilx*  Mniiliy,  if  liiin|;  at  tbe  vimI  t'f 
Ow  M^a.diy  M'h<>n  uuiiniTA  %tunt  thi'  diTliiiiiiion'todritrnnno  tlicir  IniiiiNlr.  It  Mould  l>r  iimcL  bHi*T  n' 
I ' ;im/«n  wniikl  a'Nifii  iltr  .-i»fninoiii*t-:d ilny. and  * hoMv  n"")***:!  th»;  nM  iiif ifin.!  ofrtmrntiir l»v  fUe  *«aJ*p« . 


TO  i'iSD  THE  SLTV'S  DECLINATIOi\. 


Ill 


7^  Jbuf  Ihf  sun's  dtdiaation  at  ani/  lime  undtt  any  meriiiian. 
B.rLE.  Reduce  ihe  sun'a  duclinalion  at  noon  al  Grucnivich  to  [iodd  under 
Che  given  meridian,  by  the  preceding  rule.  Then  enter  Table  V-  with  tht> 
time  frnm  noon  at  the  top,  and  the  daj'  of  the  tnnnlJi  in  the  side  eotunin; 
imdef  the  fonneT,  and  opposite  the  latter,  will  lie  the  correction  to  be  ap. 
ftSed  to  that  reduced  decimation.  To  Icn on  whether  thi»carr«cIionbeaddi- 
tin  or  subtractive,  you  must  look  at  the  tnp  of  the  column  where  you  found 
the  day  of  tlie  month,  and  you  will  find  it  QOled  whether  to  add  or  subtract, 
According  as  the  time  is  before  or  after  noon. 

EXAMPLE  in. 
Reqmred  the  sun's  declinalion  October  10,  tBI4,  sea  account,  at  Sh.  21' 
h  the  forenoon,  in  the  longitude  of  114°  E-  from  Greenwich  I 
WxleclinatJonOet.  10,  atOrcenwichiiEnoon,  byTnb.  IV.    .  .  S°  44' S. 
Viriation  for  114^  R.  long sub.    .  .         7 

BwEmlion  at  noon,  October  10,  inlong.  114°  E 6    37   S. 

Tirialion  of  dec.  for  Sh.  39'  from  noon'  Oct.  10,    ...    sub.     .  .  3 

TmedM.  Oct.  lO,  5ca  ace.  inlouR.  97°  E.  at  8h.  21' A.  M.     ...  e    34  S. 
EXAMPLE  IV. 
Required  the  sun's  declination  May  10,  1S24,  sea  account,  at  bb.  SO'P.M- 
tn  the  longitude  of  I7=>  30"  E-  from  Greenwich? 

Vuistion  of  declination.  May  10,  in  long.  17°  SC  E.    .  .  sub^  ,  .         48" 
Variation  of  declioation  for  ah.  30'  P.  H.  additive     3'  44 

.  JHF.  is  additive  because  the  greatest  number  is  so      X  38 

^J 10,  lea  account,  h  May  9,  by  N.  A-  at  which  time  aim's 
I  dediulion     17^  25  10 

True  deelinatioii  Way  10,  5h.  50'  P.  M.  sea  account  in  long. 

170  50"  E 17    28     p  fj, 

EXAMPLE  V. 
,  It«i)md  the  Sim's  declination  March  £6,   llt£4,  sea  account,  al  3h.  P.  M. 
in Ihclongitude of  120'^E.  from  Greenwich? 

Variation  of  declination,  March  86,  in  long.  190°  E-  .  .  sub.     .  .     T  jO" 
VsriatioD  for  3h.  P.  M add  2  art 

Diff.nsubtiBctive  because  the  greatest  number  b  so     0      4  5^ 

lUrth!B,*eaacc.  isMar.  35.by  N.  A.  atnhichUmssun'adcc.   I    54  41  V. 

^ededinalionSlarch  ;;C,  3h.  P.M.  sea  account 1     19  IT  X- 


VARIATION  OF  THE  COMPASS. 

JT  was  many  years  after  th''  discovfry  of  ftie  compass,  before  it  wfljsUi- 
petled  that  tlic  magnetic  needle  did  not  point  accurately  to  the  norlh 
pole  of  the  world :  hut  abriTit  the  middle  of  the  sixteenth  century,  ohserva- 
lions  wcrn  made  in  England  and  France,  which  fully  proved  that  the  needin 
(viinled  to  the  eastward  of  the  true  north.  This  difference  is  called  the  rir- 
rutti'm  of  tht  ewnpaai,  and  is  named  easl  when  the  north  point  of  the  com- 
pa»  (or  magnetic  north)  is  to  the  eastward  of  the  true  north ;  bul  uKat  ivheit 
the  north  point  of  the  compass  is  to  the  wi'stward  of  llie  true  north.  The 
quantJly  of  the  variation  may  be  found  by  observing  with  a  CQmpasa^tJic 
bearing  of  any  celestial  object  when  in  the  horizon  (or,  as  it  Is  called,  the 
mn^T'lie  amplitudr)  the  difference  between  this  and  the  true  amplitude  found 
by  raJcuUtJim,  will  be  the  variation.     The  same  may  be  obtained  by  ohHe^^- 

of  1^  wa 4q> Oct l^tewUcIi UiM tU iltdiii*Ura,UauWit In TibW IV 


iU  VARIATION   OF  THE  C0MPAS5. 

in;;  the  mas^netlc  aztmuih  of  tiny  celestial  object  (that  is,  its  bearing  by  a 
conipass  when  elevated  above  tlie  horizon  ;)  the  difference  between  this  and 
the  true  azimuth  found  by  calculation  will  be  the  variation. 

Some  years  after  the  discovery  of  the  variation,  it  was  found  that  it  did 
not  remain  constant :  for  the  easterly  variation  observed  in  England  gradually 
decreased  till  the  needle  pointed  to  the  true  north,  and  then  increased  to  the 
westward,  and  is  now  above  two  ])oiDts. 

As  all  the  courses  steered  by  a  compass  must  be  corrected  for  the  varia* 
tion  to  obtain  tJie  true  courses,  it  is  of  great  importance  to  the  navigator  to 
know  how  to  iind  the  variation  at  any  time  ;  to  do  this  it  is  necessary  to  find 
the  magnetic  amplitude  or  azimuth  of  a  celestial  object,  which  may  be  done 
ttS  follows : 

7^0  ohscrvf  an  amplitude  by  an  azimuth  compass.* 

Whtni  the  centre  of  the  sun  is  about  one  of  his  diametersf  above  the  hori- 
zon, turn  the  c(»mpas.s  round  in  the  box,  until  the  centre  of  the  sun  Ls  seen 
through  the  narrow  slit  which  is  in  one  of  the  sight  vanes,  exactly  on  the 
thread  wliich  bisects  the  slit  in  the  other  ;t  at  that  instant  push  the  stop 
whioh  is  in  the  side  of  the  box  against  the  edge  of  the  card,  and  the  degree 
and  parts  of  a  degree  which  stand  against  the  middle  line  on  the  top  will  be 
the  magnetic  am])litude  of  the  sun  at  that  time,  which  is  generally  reckoned 
from  the  east  or  west  point  of  the  compass. 

To  observe  an  azimuth  by  an  azimuth  compass. 

Tin  11  th(.'  compass  round  in  the  box  until  the  centre  of  the  sun  is  se«ii 
through  the  narrow  slit  which  is  in  one  of  the  sight  vanes,  exactly  on  the 
thread  wiiich  bisects  the  slit  on  the  other,  or  until  the  shadow  of  the  thread 
falls  directly  along  the  line  of  the  horizontal  bar,^  the  card  is  then  to  he 
stopped,  and  the  degree  and  parts  of  a  degree  which  stand  against  the  mid- 
dle line  of  the  stop,  will  be  the  magnetic  azimuth  of  the  sun  at  tliat  time, 
whirh  is  gener:dly  reckoned  from  the  north  in  north  latitud«s,  and  from  the 
south  in  south  latitude.§  At  the  time  of  making  this  observation,  you  UKU9t 
also  observe  the  altitude  of  the  sun,  in  order  to  obtain  the  true  azimuth. 

What  is  here  said  of  the  sim,  is  alike  applicable  to  the  moon,  planets,  anil 
>1iu^. 

TO  FIND  TlIK  TRUE  AMPLITUDK. 

RULE. 

Rv  LiioxRiTHMs. — To  the  log-Sfcant  of  thf  bitilinii  (rtjcctinsr  10  in  the  in- 
4h  r)  add  the  loir,  sine  of  the  smVs  decliiuition;]]  th  sum  will  he  the  lo^.  sine  of 
ihf  true  amplituflr  or  distance  of  the  sun  from  thr  east  or  wist  point,  towards 
ihr  north  in  north  declination,  hut  touxirds  thf  south  in  south  dr.clination. 

1*Y  insi»j:ltio.\. — Find  the  declination  ut  thf  top  of  Table  VIl.  and  the  /«- 
!i{udf  in  th/'  side  column;  undtrr  the  former,  and  opposite  the  lattir,  trill  he  tht 
frio:  ampUlu'le.  When  great  accuracy  is  re(|uired,  you  may  j»roporlion  for 
Ihe  minutes  of  latitude  and  declination. 


*  Tlic  fi;riir^  of  an  a/iiiiiuli  cnnip.iNS  furnislit'ii  witii  sight  %niKS  \^  ^ivrd  in  Plate  VI.  fig.&  Tlie  cud 
r  iliis  c  iiiipa<N  is  si::iil.ii-  Ui  ilmi  u\  a  coniuion  roniiM^". 

\  Tlio  ol)<rrvntinii  is  to  be  XaVcw  nr  tliiit  iiltidKlc  on  accoiint  of  tiic  ilip,  rrfraclion  nml  rarallax, 
tlip  correction  of  iiltitiiilp  dqHi)iliit:r  on  thi-M'  i-iiisO'.  Iioiu^  in  i:f>ntMal  nfarly  ciiuhI  tu  IhehUD**  aKiim*lpr. 

^  ir  tlie  in«iirii:ni'nt  is  fi^riiiNlKMl  with  a  nuicriiil'^  iiif'  ;:l•l^^  ftxni  lo  one  of  rlic  vaiic-s,  youiiiajr  (iintnid  of 
wi-ncf>i>ilini;  n.s  a1i-)vi.>)  lurn  llie  ror.)]Mto^-l)>)X  muii  tlio  viuu*  !>•  diircitil  towards  tiu'  Kiin,  htmI  wh%Hi  tbe 
.tn;:ht  spocli  (or  iny«ot'  tlio  ^un  cii'!i;-'i«>(l  Uy  thf  iiiiii(nit\in;r  (.'lafiO  (nils  Vi\vm  the  *>lit  of  the  iMhfir  wur, 
■i  iiixm  till-  liiiv  in  tlit'  ho.  l/ontal  li\r.  tlic  c.irJ  is  to  \*?  siop|x-r(,  and  thi*  division?  rtw\  oQ'  ns  abnvew 

S  If  llie  coni}Mio  vilir.ili*  ronsiiu'r.-iM\  al  ili*;;  timu  :<t'  m.iiiiui;  tlM.'  ol)M*rvaiioii».  il  would  be  coiiducirc 
tparcurncy  to  take  M^vcral  aziiiuitU^  ai.d  nititodvs,  ami  to  liiHO  llir  lufiiu  of  nit  the  azimuths  mnd  all  tin* 
■I'tituvli'^,  and  work  tlie  uliSfivaiuu  with  llic  mi  an  u>iii'utli  aud  altitude.  The  Mine  is  tu  be  ofawrvnl  in 
.'akinrr  an  amplitude. 

'  Tho  ilrclinatitHi  of  tlir  sun  at  noon  io  (ri>«.*n  in  Ibo  Nautical  Almanac,  and  In  Tahic  IV.  nnA  ■!«»(  bft 
a. ..  ■  -t*  ■'  Ji»r  tUir  l)ijgl*ntlc.u"  thv  shiii  and  th-.'  ht'S'i-  of  the duy.  by  munn^ of  ThMi:  y. 


\AmAT10.N  OF  Tilt:  COMPASS.  I 

EXAMPLE  I. 
ttequired  (lie  !iud*s  true  am|>litui]L'  at  risin:,  in  liic  Iiitiluik  ul'  -SU '  ii'  \.  i. 
Ilie  iiA  of  DecembiT,  \iiM  \ 

BY  LOy-VRITIIMS.  Dl    INSPtCTION. 

J«titude 39^    0*  ](f .  lec.    O.1095(.     Under  llic  ilcrlinatioii  !3   3^' nnd  <)|i|i 

San'tdcclui.  ...S3    SS  log.  noe    9.bU01-:  nitc  Ihe  htituile  3'J- slandi  (lie  true  sinf 

Hide  30   « . 

Tme  uspIL  ....  30    49  log-  line    9.7(1%: 

Hrace  thp  true  branny  or  nmplltii'Ii^  of  W\v.  <iiri  at  risiiic  m  V,.  .Jo'  in' ; 
and  stsclting  it  is  W.  t(P  4a'  S. 

KXAMPLE  II. 


BY  LOG.*RITIIMS.  ,  BV  INSPECTION. 

35°    8'   lo;.KC.    0.n<)T3j|    UnJvr  llie  <<n;linatian  13,  xnU  nrpotitc 

lon^ dedin.  13      0    log.  >ine    9.35i:DS''he  larituilc  ^:>^  Mnr.Jo  13-'  Sb',  whlcli  i* 

nurl;  the  Inie  WMilitude ;  the  enact  value 

IL  clj  5S  log.  «inc  9.J.19l^jma;  be  found  bj  nnilin;  the  un]i]itiu]e  fur 
I'Ifa'  latitude,  sitd  propuitioning  tho  diflir- 
k'jiee  for  the  miles  in  tkc  laLituilc. 


si-lUnB  is  IV.  IS3  5Ji'  North.  an<i  at  rising  V.. 


EXAMPLE  in. 

amplituilo  in  tlii:  iHtltmli:  of   X^  C.^'  X-  nii'i 


i^-^titude la-  30-  log-Kec.    U.IWSJ      Inder  tHe  dedliinliou  20- and  mpoMle 

^*-«ii'idcdiB.  ...30    N.  log.  MOB    9.a34UJ|t1ie  latitude)  43-  nnd  -13-,  stand  !T~  34' 

,^^  and  ar-  53';  the  mean  of  theae  give-  tlie 

*^^eaBna....!T   33  It^.  sine    9.6664-AruR  amplitude  for  the  Istitude  of  42    JO' 
1=27-  S*. 

_  Hence  the  amplitude  at  stttiiig  '\i  ^V.  37^  3G'  X.  nnti  al  risins  E-  --'"^  .13' 
•-^  "rtJi. 

Tu  j'mJ  Ihf  tnif  azimuth  at  ang  tiiaf. 

At  tbe  time  of  obst-rving  the  magni'tii'  aximiilit,  you  mtist  iil^o  ob'prvc  tli>' 

^^litude  of  tlie  object;  (his  altilinle  rawtt  \>p  currectcd  uk  itmial  for  llic  diji, 

'    r^^raOaK,  refraction.*  &i.r.  in  oi-tlcr  to   obtain  the  true  allitiKlit;  yon  >nu>t 

^  '  ijo  £nrt  the  dtrclination  of  Ilio  ohjerl.f  and  the  latituili-  nf  the  iilnrc  of  obser- 

^  %1ion,  and  tht-n  tlu^  true  nKiintilh  niny  be  calcttlHled  liy  tiic  fiillowln;; 

Kci-i:.  Add  toi^ethcr  the  |iolar  dlstance.t  the  btittitte,  ;in'l  Ihr  true  alli- 
^''■^e,  take  the  diiEcrence  between  th>^  lialf  lum  antl  (iie  \y<\:\t  distanei-,  and 
f^<»te  the  remainder.  Then  udd  togeth'T  the  Jus.  ni-raiil  nftlie  latitude.  Ih>' 
f^^.  lecant  of  the  altitude  (reji^etini;  lU  in  each  indcic)  the  log.  cu-Mne  nf  the 
.•^^fwim,  and  the  log.  co-siiiR  nf  the  ri-mainder;  half  Hit  ctim  of  Uiese  four 
1*^  J^tlim*  will  be  the  lu;;.  cu-sioe  ofliulf  the  trnciziututh,  ithichbfinsdiiii- 
j'l^  win  give  thft  true  aKimuLh.  ri'ckonid  fnini  \\\c.  north  hi  iiorlli  )ufil)Hl>-. 
*-*ifn)in  the  south  in  south  ktittidc. 


^-Jt  iMr^a  A\— ---     . 

^^~««ial^[l^ d«liaiUnD  sC  Me  gl>>n  tram 
^  bat  »^  wMiec  «D  W  »h«  at  dUfticiii  n 


IM 


VARIAIUON  OF  THEjCOMJPAiS. 


EXAMPLE  1. 

In  latitude  itl'^  S'2'  N.  tli'^  sun's  true  altitude  was  found  to  be  39°  25',  lii- 
dcclination  being  then  ie0  38'  N.— required  the  true  azimuth? 

Polar  distance 73^  22' 

Latitude ;..   51     32     secant 0.20617 

Altitude 39    28     secant 0.1123.9 


Sum 164    22 


llairsum 82     11 

t^olar  distance 73    22 


Remainder 8    49 


co-sine •-«•  9.1 3355 

co-sine  ....- 9.994S4 


2)19.44695 


Half  sum  log.  co-sinc       58  ' 


4' 
2 


9.7234: 


True  Azimuth 116      8     from  the  north. 

The  logarithm  9.72*17  of  this  example  is  also  tJie  co-sine  of  121^  56', 
ivhich  doubled  gives  another  azimuth  vlKS^-  :,^2\  the  former  l»eing  IIB^  8'. 
One  of  these  corresponds  to  an  observation  in  the  forenoon,  the  other  to  an 
afternoon  observation. 

EXAMPLE  IT. 

Tu  latitude  42^  16'  S.  the  sun's  true  altitude  was  foimd  to  be  18^  40',  hU 
declination  being  then  7®  38'  N. — rccjuired  the  true  azhnuth? 

Polar  distance 97"  38^ 

Latitude 42    16      steant 0.1307i> 

Altitude 18    40      secant 0.^2347 


Sum. ......  i *  k . .  1  fid     34 


Half  Mm 79     17 

Polar  distance 97    38 


CO 


-sfiie 9.56940 


!^cmaind<»r 13    21      cd-»iiife 9.9773* 


sum *.. 19.40097 


Ildlffum  log.  co-sind  .•  59    o^ 

2 


9.7tk).ifl 


'I'nie  Azimuth 119    46     from  the  sOutb. 

QUESTIONS  TO  EXERCISE  THE  LEARNER. 

Questkn  I,    Given  the  sun^s  altitude  corrected  for  dip,  refraction,  &c.  20^  46',  his  d«- ' 
dination  17^  lO'  S.  and  the  latitude  of  the  place  40^  38'  N.  Required  the  true  azimuth  ? 

Answer.     137"^  dO'  from  the  north. 

(iwstion  II.  U'hat  is  the  san's  azunuth  in  the  latitude  of  26°  30'  N.  in  the  forenoon, 
vben  his  correct  central  altitude  is  24^  28^  and  his  declination  22^  40^  N.  ? 

Answer.  7  b'-  44'  rmm  the  north. 

QiceAfion  Hi.  At  the  Island  of  St.  Helena  the  sun's  true  central  altitude  was  found  to  bo 
SfUr  21V  in  the  forenoon,  his  declination  being  then  22 -58'  S.  Required  theazimuth  at  that 
time? 

Answer.    72  -  21'  from  the  south. 

ilMStum  TV.  What  point  of  the  compass  did  the  star  Aldcbaran  bear  on,  in  the  faCi- 
tude  of  34"^  23'  S.  on  Januar>- 1,  1804,  when  the  correct  altitude  of  that  star  was  22-  S6'? 

«l?isioer.     130"^  16'  iVom  the  south. 

Having  the  trut  mat^netic  amplitude  or  admuth,  to  find  the  t^riation. 

Having  found  the  true  and  magnetic  amplitude  or  iizimuth,  the.  variation 
may  be  easily  deduced  therefrom  by  the  following  rule,  in  which  the  am- 
plitude is  reckoned  from  the  east  or  west  point  of  the  horizon,  and  is  eallf  d 
north  when  to  the  northward  of  those  pointy  but  south  when  to  the  south- 


VARIATION  OF  THE  COSIPASS.  IJ5 

iracd.  "Fiut  azimuth  is  reckoned  (mm  the  nortii  in  nttith  lalituilrj,  but  from 
Ibr  south  in  south  latitudes,  and  h  ntiined  ca»t  tvhcn  failing  on  the  east  ^de 
of  the  jTwidian,  otiierwise  ivesl.  //  the  obtbnstd  and  tnu  amptitudtt  be  botii 
morA  or  both  toalh.  tkrir  diftrencr  loilt  U  the  variation;  but  if  tme  bt  ntirth 
oW  tie  otJur  Knitti,   Ihtir  turn  mil  br  llu  vartatioii.     If  tht  Irnt  and  obstnai 

mmtk*  hf  both  taat  or  bolk  vat,  tktir  diffirtace  will  be  the  variation,  other-  i 

«  (letr  turn:  and  the  variation  icill  beauterlyiclienlhe  point   npreatntins;  * 

a*  Inn  bearing  U  to  the  right  hand  af  the  point  rtpresetUing  thf  mae:neli/:  bear- 
-  MfT.  but  itaterlg  ichtn  to  (Ae  fc/V  hand ;  lk<  obterver  being  lupfsed  la  look  di- 
rrttlg  teuard*  ike  point  rtpraenting  (Ae  magnelie  bearing. 
EXAi>lPLE  I. 
St^iposr  llic  stin's  magnetic  amplitude  at  fudng  Ik  F..  36°  \Z'  S.  and  tint  . 

true  amplitude  E.  14"^  iV  N-    Rtijuired  the  Tariation  ?  ( 

From  the  greatiir    E.  96^  1*  N. 

T«kE  tUe  IcBBer        E.  H    80   N.  •■ 

Rem  lias  lariatian         II     59    K. 
The  rariatiun  in  tliin  cTample  is  easterly,  because  tlic  true  nm|illlui)c  fallf 
to  the  right  of  the  magnetic.  * 

EXAMPLE  II.  t  EXAMPLE  UI. 


The  sun's  true  azimuth  being  N- 
S0°  E.  and  his  maRiivlic  azimuth  N. 
00°  E-  it  is  required  to  find  the  varia 

Triie  Mimulh N.  90=  E. 

Magnetic  oiiniutii N.  60   E. 

Diff.  in  (he  vnrialion 80    E, 

EXAMPLE  V. 

The  true  amplitude  of  the  planet 
Jupiter  «BS  E.  10^  N-  when  his  mag- 
nttio  umpKlude  vras  R.  iO°  8.-^R«- 
quired  the  TarititioD? 

True  Bmpliludc E.  10°  N. 

Mignclic  amplitude E.  80  S. 

Sum  ii  TflriatioD 30  W. 


The  moon's  true  auiilitude  at  rising 
was  found  to  beE.  la^  tff  N.  and  her 
magnetic  amplitude  E.  10^0'  g.  Re- 
paired the  variation? 

Tme  ampUtude E.  15^  SO' N. 

S&SDCliG  amplilude  ....E.  10      0  S. 
The  nun  a  the  luialion  ...25    20  W. 

EXAMPLE  IV. 

The  star  Aldebnran  was  observed  Hi 

Tisiut;  lo  bear  by  compass  E.  N.  E. 

trben  the  true  amplitude  nras  N.  &  by 

IE. — Requiivd  the  variation  *. 

Tneanp.KE.brE.  or  F..  31'  45' N. 

M*K.*nip.E.N.E:.  orE.      38    30  N. 

DUTereDce  ii  Ik  f  nriadon  . .  1 1     15  W. 

71>  calculate  tht  ranalion  bi/  observing  ihe  mn's  taimuth  iditn  al  equal  attitlldet 

in  the  forenoon  and  afiemoon^ 

TT»e  variation  iif  the  compass  may  also  be  determinnt  l)y  observing  the 

magnetic  aiimulhs  of  the  sun  in  the  morning  and  erening  when  at  the  same 

jUtitude,  tlie  observer  being  supposed  to  lie  3t  the  same  place  at  both  observa* 

ti«ns;  for  it  b  evident  that  if  llie  decliiialion  of  the  nun  did  not  vary  during^ 

the  tnne  elapsed  between  Ihe  ohsefvations,  the  middle  point  of  the  compags 

between  the  two  bearings  would  be  the  bearing  of  the  true  north  or  south 

point  of  the  horizon,  at  the  place  of  uhscrvation,  and  the  difference  lietween 

tiiatbearingand  Ihe  nnrlh  or  south  pointofUiccompasswould  be  the  variation. 

In  this  kind  of  [ibservations  it  will   be  convenient  always  to  estimate  the 

■aagnctic  azimuths  from  the  south  point  of  the  compass,  calling  them  taft 

or  west,  at  before  directed,  and  tins  method  is  supposed  to  be  made  use  oT 

in  Hm  tollowing  rule.     Then,  if  one  azimutli  be  east  and  the  other  west,  half 

their  difference  will  he  the  variation,  otherwise  their  half  sum,  and  Ihe  variti- 

ti«a  will  be  of  the  same  name  as  their  greater  azimuth,  excepting,  however, 

where  the  half  sum  is  taken  and  exceeds  9<P,  iu  which  case  lis  supplement 

wlU  be  the  variation  of  a  difTerent  name   from  the  aiimutli.     The  variatioli 

bong  always  supposed  less  than  90^. 

trthe  declination  of  the  sun  varies  during  the  e1a|ned  time  between  Oie 
otiwrvatians,  (iis  is  generally  the  case)  an  allowance  may  be  made  for  that 
larialiou  hy  applying  a  correction  to  the  afternoon  azimuth,  calculated  by 
the  following  rule.' 


Hi]  VARIATION  Oh   IHE  COMPASS. 

Rule.  Find  from^Table  IV.  the  daily  variation  of  thn  siin's  der1inati«)ri 
on  the  day  of  ohservation.  Then  k>  ilie  constant  los:arithm  9.1  :S40  add  ike  /of . 
co'Sint  of  th^  kditutlt  of  Ihi  ])latei  th€  lofr.  sine  vomesponding  to  the  elapted 
time  b^ticetn  the  observations  found  in  the  column  P.  A/,  the  Prop*  Log*  of 
the  daily  variation  of  the  svn^s  declination,  and  the  Prop,  Log,  of  the  elap9td 
time*,  estimating  hours  and  minutes  as  minvtts  and  seconds,  the  sum,  Tejeetiffs^ 
.iO  in  the  inder,  will  he  the  Prop.  Log.  of  the  correction  to  he  applied  to  the 
western  azimuth ,  bu  subtracting  tchen  the  svn  is  approaching  towaras  the  north* 
em  hemisphere n  other irise  by  adding,  j  The  azimuth  thus  corrected  ia  to  be 
used  in  estimating  tlio  variation  instead  of  the  dbserved  azimuth. 

It  is  not  neces<tary  in  this  calculation  to  find  the  latitude  or  declination  to 
any  i^reat  degree  of  accuracy,  which  is  the  greatest  advantage  of  the  me- 
thod; another  of  the  advantages  consists  in  being  able  to  take  a  great  num- 
ber of  observations,  and  applying  the  correction  at  one  operation  to  the  va- 
riation deduced  from  the  mean  of  all  the  obser\'ations,  so  tliat,  when  great  ' 
accuracy  is  re(}uired,  as  in  taking  observations  ashore,  this  method  may  be 
used  with  success ;  and  it  is  evident  that  it  is  alike  applicable  to  the  moon 
or  any  heavenly  body,  but  the  observations  must  be  taken  in  the  same  place, 
^as  it  would  increase  the  calculation  considerably,  to  make  an  allowance  tor 
the  change  of  place,  as  well  for  the  change  of  declination ;  and  it  would  be 
better  in  this  case  to  calculate  each  observation  separately  by  the  rules  be- 
.lore  given. 

EXAMPLE. 

Suppose  that  on  the  10th  of  April,  18:20,  in  the  latitude  of  42^  29' N.  Ibng. 
.'iO^  W.  the  sun's  morning  azimuth  was  observed  to  be  S.  54^  24'  £.  and  in 
the  evening,  when  the  sun  was  at  the  same  altitude,  was  S.  30^  46' W.  the 
••lapsed  time  between  the  observations  being  6h.  SOm.^Required  the  varia- 


tion: 


Constant  lo^ithm 9.1249 

Latitude  49^  29' co-sinc 9.8f>77 

Elapsed  time  6h.  20m.    Sine 9.8676 

Daily  variation  of  declination  22'  P.  1 91S9 

Elapsed  lime  6h.  20m.  taken  as  6'  20"  P.  L 1.4536 

('orr.  western  azimuth  IT  nearly  P.  L 1.226b 

Western  azimuUi  S.  39  -46  \V. 


Corrected  azimuth  S.  39  33  ^\'. 
Morning  azimuth  S.    54  i4  K. 

Difference  14  49        Tlie  half  of  which  7^  24'  is  the  variation, 

uiiich  is  easterly,  because  the  greater  azimuth  S.  54"^  24'  £.  is  easterly. 

The  variation,  thus  found,  is  to  be  allowed  on  all  courses  steered  by  the 
compass  to  obtain  the  true  courses.  To  make  this  allowance,  you  muiit 
look  towards  the  point  of  tlic  compass  the  ship  is  sailing  upon,  and  allow  the 
variation  from  it  toxeards  the  right  hand^  if  the  variation  be  eattn  but  to  tht 
left  hand,  if  the  variation  be  tcest.  Thus,  if  a  ship  steer  S>  E.  with  one  point 
westerly  variation,  the  true  course  will  be  S.  E.  by  E.  If  the  variation  is 
one  p<iint  easterly,  the  course  will  be  S.  E.  by  S. 

In  the  follow mg  Table  are  collected  a  few  observations  of  the  variation, 
made  at  different  times,  and  in  different  places. 


*  Thf  elapxed  time  tmj  be  determined  by  any  rominon  wntch,  hut  if  none  w«b  used  in  the  obeerra- 
flom,  tt  nuiy  be  determined  as  follows.  If  one  of  the  ol>M-r\c'd  azimutbH  was  eiist  end  the  other  wert. 
r:ilie  half  their  sum,  otherwiKe  Iwlf  their  difiVrence,  aimI  to  the  lofr.  sine  of  tills  IwJf  sun  («r  half  dlAr* 
viice)  add  the  loe*  secant  of  the  tun'*  declination^  and  the  k>||r.  co-»inv  f»f  the  sun's  comet  allilude  at  lb* 
limv  of  laliinr  ilte  axiroutb,  the  snm  (rcjectinfr  aO  in  the  hides)  will  be  the  loff.  «lne  to  he  mcd  In  tte 
ubove  calculation,  and  this  logarithm  wiQ  correspond  to  the  elroMrd  time,  mailed  in  the  #*Jinni  P.M. 
of  Table  XXVIL 

t  In  tbis  rule  it  is  sapposed  that  the  bearing  of  the  snn,  by  the  aArrnoon  obserratioD,  is  to  ite  wnc 
ward  of  the  meridian  fajeoaqMii;  but  if  there  be  a  great  varialkm.  that  bearVig  might  be  ft>  the  swtww^ 
nf  the  meridian  by  the  compass,  and  in  that  case  the  correction  of  the  western  ar.imath  jnust  he  applied 
iu  a  rontmry  manner  to  the  above  diredJtins. 


VARIATION  0¥  THE  COMPAttf. 


PUeciBbMmdBt. 

L.tilud«. 

-g- 

Vf  ar  of 
valion. 

VamtioD 
Obwrved. 

CnWdKe,  (Um*.) 

41°  8»  H. 

71'^  e'W. 

1703 
I74S 
I7S7 
1761 
1763 
1783 

9-'    O-W. 
8      0  W. 
7    80  W. 
7     H  W. 
7       0  W. 
6    46  W. 

BoMo. 

49    S3  N. 

71      4  W. 

1748 

8      0  W. 

B«tHy  (t»ini.) 

42    36  N. 

TO    59  W. 

1781 

7      S  W. 

Sika. 

4S    33  N. 

70    58  W, 

1805 
1808 

5     57  W. 

5     80   W. 

1  Uadon. 

51     31   N.' 

0      6  W. 

1580 

II      13     E. 

1679 

8     30  W. 

1780 

88     41    W. 

hiii. 

48    50  N. 

9    to    E. 

1550 
1660 
1769 

8      0    E. 
0      0 
90      0  W. 

hBcWRouI. 

3S    38  N. 

17      5  Vf. 

1799 

18    33  W. 

iLCraUItMd. 

98    87  N. 

16    16  W. 

1799 

17     33  U. 

lM*f>tt. 

16      6  N. 

S3    S3  W. 

1799 

18     36  W. 

St.Ji«»(Pn7>B4j.) 

14    59  N. 

83    30  W. 

1769 
179S 

11     10  W. 
18    48  W. 

UtiTMir. 

IS       4  N. 

99    46  W. 

1798 

12     00  W. 

AwwiMt. 

7    6«    S. 

14    91  W. 

1678 
1776 

1       0     E. 
10     45  W. 

StBekni. 

15    53    S. 

S    61  W. 

1677 
1776 
1794 

0    40    E. 
13    IS  W. 
16    16  Vf. 

TriMU  d'Aojnlii. 

37      7    R. 

n     38  W. 

I79S 

7      0  W. 

Cife  It  Good  Httpe. 

34    96    S. 

18    83    E. 

1776 

21       0  W. 

CfeUsnllM. 

34    33    ». 

80    10    E. 

1600 
1698 
1776 
1790 

0      0 
11       0  W. 
81     40  W. 
a3    30  W. 

U«ndSLFui1. 

37   se  S. 

77    23    E. 

1677 
1303 

93    30  W. 
19    30  W. 

UeoTBourbM. 

90    »    8. 

SS    31    E. 

1795 

15    33  W. 

■hnHcBiL 

6    46    B. 

IM    50    E. 

1676 
1786 

3    10  W. 

0    54  W. 

Buitk. 

6    10    8. 

106    SI    E. 

1793 

0    30  W. 

AlStt. 

99    10   N. 

96     S2  W. 

1795 

IS    110  W. 

ilS«t. 

37    00   N. 

83    43  W. 

1795 

13    44  W. 

lll« 

15    88  N. 

90    43  W. 

1795 

19      5  W. 

its* 

IS    14  N. 

SO      S  W. 

1795 

11    39  W. 

its* 

9    47  N. 

20    IS  W. 

1795 

11     48  W. 

itStfc 

8    54  N. 

90    IS  W. 

1795 

10    SO  VI. 

its* 

5    46  N. 

SO    S4  W. 

1795 

1!    00  W. 

Al8«. 

3    16  N. 

SI     87  W. 

1793 

10    47  W. 

AtSM. 

0      0 

84    80  W. 

179S 

8    43  W. 

MSn. 

S    33    S. 

84    51  W. 

1795 

7      3  VI. 

AiSm. 

S    48    S. 

86    54  W. 

1795 

S    94  W. 

11  Sa. 

7    39    S. 

87    H  W. 

1795 

4     14  W, 

AiSm. 

9    97    S. 

97    5S  ^V. 

1795 

3    33  W. 

At  Bet. 

13    19    S. 

96    68  W. 

1793 

3    34  W. 

ilS«. 

19    47    S. 

95    66  W, 

1795 

8    50  W. 

At  Set,  »«»  Trinidad. 

90    98    S. 

83    44  W . 

1796 

S    J5  U. 

At  St.. 

91     38    8. 

95    97  W. 

1793 

8    85  W. 

At  fin. 

93    43    S. 

93    45  W. 

1795 

8    31  W. 

Allc 

18    11    S. 

18    45  W. 

1795 

5    88  W. 

I    AtS» 

35      5    S, 

6      0  W. 

1793 

n    10  w. 

1    AI&.. 

36    38    S. 

0    15    E. 

179S 

13     40  W. 

1   AlSi.. 

36    19    S. 

4    16    E. 

1793 

15    19  W. 

1   Alll>. 

37    90    B. 

7    SS    E. 

1795 

16    57  W. 

1   Mta. 

36    45    8. 

19    97    E. 

179S 

94    33  W. 

1  its_. 

91     M    8. 

53    41    E. 

ms 

13    St  W. 

0       0 

3S    35  Vf. 

1795 

3      Ott. 

us  VARIATION  OF  THE  COMPA:^;?. 

By  the  preceding  table  it  appears  that  the  variation  at  Cambridge^  in  tbb 
state  of  Massachusetts,  is  decreasiii;^  at  the  rate  of  about  1^  miiiutea  per 
5'car,  and  by  late  observations  at  Salem,  the  needle  there  appears  to  be  stiLI 
approaching  towards  the  true  meridian.  At  London  and  Paris  the  variation 
formerly  increased  10  or  11  minutes  per  yoar,  but  by  some  late  observations 
made  in  London,  it  appears  to  be  nearly  stationary.  Ofi'  the  Cape  of  Good 
Hope  the  annual  increase  is  about  7  minutes. 

Besides  this  annual  change  of  the  variation,  there  is  also  a  small  diurtuil 
chancre,  which  at  London,  Paris  and  Cambridge  (Mass.)  is  from  Ky  to  15'. 
By  this  quantity  the  absolute  variation  at  those  places  increases  from  about 
8  A.  M.  to  2,  P.  M.  when  the  needle  becomes  stationary  for  some  time ;  af- 
ter that,  the  variation  decreases,  and  the  needle  comes  back  again  to  its  for- 
mer situation,  or  nearly  so,  in  the  night  or  l>y  the  next  morning. 

In  addition  to  the  observations  contained  in  the  preceding  tabic,  it  may 
be  observed,  that  the  variation  which  (at  present)  is  less  than  |  point  VV, 
near  Cape  Cod,  decreas(>s  in  going  to  tlie  westward  along  the  coast  of  the 
United  States  of  America,  so  that  near  Cape  Hatteras  it  is  scarcely  sensi- 
ble, and  farllier  to  the  westward  heconies  easterly.     In  the  leeward  Weft 
India  islands  it  is  about  ^  point  R.  and  in  the  windward  islands  i  point  E. 
Along  the  northern  shore  of  the  Brazils  there  is  a  small  easterly  variation 
whicli  decreases  in  proceeding  to  the  eastward  towards  Cape  Roquc,  where 
il  is  sct'ircrly  sensible;  in  proeeetlin);  farther  to  the  southward  along  the 
f'CHst  of  Amerie^i,  the  easterly  variation  increa.ses  so  iis  to  l>e  above  £  points 
K.  near  Cape  Horn,  and  from  thence  gradually  decreases  along  the  coast  oi 
t.'^hili  tiud  Peru,  so  as  to  be  about  ^  point  K.  under  the  equator  near  Qinto;.^^ 
but  in  proceeding  to  the  norlhward  toward  the  N.  W.  coast  of  America,  tl 
e;iste.rly  variation  increases  to  more  than  i  points. 

On  the  contrary  in  proceeding  to  the  eastward  of  the  United  States  o; 
America,  the  we.sterlj'  variation  increases,  being  nearly  1  point  W.  a  iittl 
to  the  eastward  of  Cape  Sable  (Nova  Scotia)  and  about  3  points  W.  on  th 
K.  part  of  Newfoundland,  and  at  the  Western  Islands.      At  the  Orkne]_ 
islands  it  is  1\  points  westerly  and  is  nearly  the  ^naA*  in  the  English  Chan- 
iiil,  and  on  the  coasts  of  En^hnul,  Scotland  and  Ireland.     On  the  coast  o 
lloll'uid,  it  is  from  C  to  2.\  points  W.     In  the  Cattegat  and  Sound  abouj 
1]  points  W.     In  the   Western   ]iart   of  the   Baltic   about    1|    points.     A 
tlie  entrani'e  of  the  (iulf  of  Finland   1    point  W.     In  the  Bay  of  Biscaw^ ..m^ 
about  Hi  points  W.     Near  i-ajie  St.  A'ine.ents  2.  points  W.     In  the  MediS.-li* 


terranean  \'vom  1|  to  1]  points  W.  Near  Cape  Verd  (Africa)  ll  point~V  ti 
W.  and  from  theiiee  gradually  iriereases  along  the  western  shore  of  Afnt^^^^^^ 
towards  tlie  Cape  of  Good  lln)»e,  and  is  there  above  -Z  points  W.  and  froid^^m 
tlience  increases  towj-rds  C-ape  La^iilhs  and  :i  little  to  the  eastward  to  "^  4 
points  or  '■l'\  points  \V.  and  tlien  decreases  in  proceeding  along  the  easter  -r^rrn 
shore  of -Vrrica.  and  is  abont  1  jiolnl  westerly  at  the  entrance  of  the  Red  Sefc^^^-** 
In  the  Arat'i  \u  Sea.  Bay  of  |{,»n}ral.  Java  Sen,  China  Sea,  and  off  the  coa^  -«st 
of  Sumatra,  it  is  very  small,  and  i»n  the  S.  E.  pyrt  of  New  Holland  is  aboi^^  '"' 
;.  point  E.  _ 

Shi]»s  sailing  f«>r  Tnilia  gtnerally  cross  the  equator  between  the  lougitudi 
ttf  It)  -and  .14  "^  west.     Tin;  vari.ition  at  the  latter  place  was  about  8^  48' 
in  the  year  17JK'»,  a^  I  liav«'  foinid  by  repeated  observations,  and  the  annu 
increase  is  ahnnt  0  minutes.     \\\  in  crossint;  the  equatiu',  you  should  And 
greater  variatitui,  yon  would  probably  be  to  the  eastward  of  i24^  W.  but 
It^ss,  to  the  westward  of -IP  W.     The  alteration  in  the  lonptudc  is  in  tb 
place  alxnit.  2  (li-;rrees  lor  1  d'-jcree  of  variation.     But  then-  is  always  a 
uncertainty  attendin;;  this  kind  of  observations,  made  with  a  common  coi 
pass,  since  it  is  not  uiu'omnitMi  t:»  find  2  or  ;3  decrees  diiVerencc  between* 
a/jniuth  in  the  mornin;!;  and  evening,  when  the  ship  during  that  time  has  bc^   s^cn 
nearly  stationary;  the  same  difference  will  sometinu's  be  found  merely  fro^^^™ 
making;  the  ohservation  when  the  bhip  is  on  a  diffenmt  tack.     This  is  oiri         <¥ 
to  the  iron  in  the  ship  which  attracts  the  compass  by  a  force  which  is  gu — -■*" 
Vdfy  srtui;t<?d  in  a  point  ucir  the  centre  of  the  ship.    When  ibis  pomtl^ — **« 


\ARIAT10X  t>i-  Tilt:  CoMPASi  ll"!'  ' 

ilh<'  riimlMisarcii)  (lie  magnetic  mcridjiiii  ortherompass,  the  true  variation  b  | 

■•l>latD«d.  Iial  as  souii  as  the  position  uf  the  ship  is  changed  so  aa  to  bring  Ibis  ii 

Itninl  loltweastward  or  nestivnr<l  ofllie  magnetic  meridian  passing  tiirougli  i 

I  h«  eoni|i!iSH,  a  correapoiHting  change  or  observation  in  the  variation  to  Ihecast-  < 

wnrid  nr  wi^lwanl  is  tnimcdialel}'  perceived.  This  deviation  somctimeH 
umnunti-d  to  8°  or  Hft  in  thf  surve^-a  of  New  Hollnnd.  This  has  sine*  been 
ronnntM-dbyntriouanbsRrvBti»nKindi(rerpntplHce3.partiruiarljinthevoriifcs  i 

lowarda  the  north  pole  lately  made  by  order  of  the  English  gorrmment.  The 
netliud  nhich  nasatfiretuscd  tncorrorl  this  error,  RhirhiB  sometimes  of  con- 
fidrrable  luiportonce  in  nautical  ^iinry^,  tihrre  gri'.'il  accuracy  is  required, 
«inlop/oet  IheeompatialutiytiitlJitaamtparloflkethip,  and  to  lind  by  actual 
(•bscrmion.  the  greatest  deviatioii  arising  from  tiiis  local  allrsctjon.  which  ia- 
nhcii  the  ship's  head  ia  dtrerled  east  or  tvest-  Thi-  deviation  nhen  the  sliip'«  ,  J 
h«9d  it  in  any  other  direction,  is  found  by  (Entering  Table  I.  nr  Table  II.  m  -- 

Ute  page  cnrreB|iondtng  to  that  direction  aft  a  course,  and  with  that  greatest  '    | 

'rrw  ia  minutes  in  the  dislance  column,  the  correspoiidine  number  in  tlie .  J 

(tcparlinv column  will  be  the  retiuircd  correction  nearly.     Thus  if  llic  devla-  ' 

tioDmsf  S'  or  ISS'nhen  the  ship's  head  was  directed  towards  the  east,  the  1 

^*blioa  when  in  the  directiuo  of  om  point  from  the  meridian,  {that  is 
N.  bj  E.  N.  by  W.  S.  by  E.  or  S-  by  W.)  would  be  found  by  entering  Ta- 
Me  I.  in  the  page  for  ORe  point  or  with  the  distance  188',  the  corresponding 
''eparlure  61'  would  he  the  corrt.ttion  to  Ik-  applied  on  all  bi^arings  takna  by 
'^e  cotnpa!<s  when  in  that  situation.  Mr.  Barlow  has  invented  h  method  of 
'""fretting  this  error,  making  use  of  a  curious  properly  of  the  attractive  force 
**>  iron  on  the  compass,  it  havic^  been  found  (hat  tliis  force  depends  on  the 
"''rocfne  «nr/(uv,  and  not  wholly  on  lhequ:intityof  iron.;  so  tliat  a  solid  globe  j 

**'*  iron  SO  inches  in  diaiseter,  would  aBecI  the  compass  Exactly  in  the  same 
'***iin«f  asa  AoHmeiAfHof  iron  of  the  same  diameter  made  of  sheet  iron  only  , 

T*'>«  tenth  of  an  inch  in  thickness,  though  this  shell  could  not  contain  but  onr. 
^  ^ndrrdlh  part  the  qiinntity  of  iron  which  tlie  glolie  does.  Mr.  Harlow  there- 
''>re  uroptrsed  to  have  a  sheet  o I  iron  placed  abaft  the  compass  of  such  di- 
'*»en3iottH,  and  at  surh  a  distance,  as  should  he  found  by  experiment  to  bring 
^hr  needle  back  In  the  magnetic  meridian  n'hcn  the  ship's  head  was  east  or 
*Vi-*t,  then  keeping  the  iron  in  that  position  it  could  correct  the  error  of  tlie 
^«*cal  ultraetioo  ofthc  ship  inevery  direction  of  the  ship's  head.  This  method 
i'aa  been  tested  bj  experimeut  and  found  to  succeed  admirably.  It  has 
5"  Iso  been  attended  with  the  great  advanta^  of  leaving  the  compass  free  to 
f»ct  by  the  natural  magnetism  of  the  earth  in  high  tatitudes,  where  the  force 
•<«  much  cmfeebled  by  the  obliquity  of  its  direction  on  account  of  the  greatness 
nr  the  dip.  In  thi;  voyages  above  named  it  was  found  that  the  compiisiTs 
thiu  furnished  travRfpt-d  freely  and  accurately,  when  those  of  the  common 
form  moved  very  irrcguLiriandweruin  somecastsalmosi  useless. 

On  Iht  Dip  of  At  Magjutit  Nrrdlf. 
l(  the  needle  of  a  compass  be  e:iartly  balanced  on  its  point  in  a  horizontal 
iMMilioo.  and  tlieo  the  magnetic  virtue  be  communicated,  the  needle  will 
point  towards  the  north,  ani^  will  also  be  inclined  to  the  horizon,  the  north 
V*HitI  of  the  needle  tending;  downwards,  and  the  soutli  point  upwards  in 
»«rthem  climatea.  and  the  contrary  in  southern  climates.  This  inclination 
of  the  ueedle  to  the  hori&on  is  called  The  Dip  oftkf.  Magnetic  Nttdit,  which 
•s  dilTerent  in  different  places,  though  it  has  teen  found  to  remain  nearly  the 
S9ime  in  the  some  place,  since  its  discovery  in  the  year  I5TG,  in  which  year 
nt  London  tlie  dip  was  71^  5lt',  in  1723  it  was  74'^  or  T,fi,  and  at  present  is 
^.tiout  7ii^.  Messrs.  Humbolt  and  Biot  published  a  method  by  which  the 
*Itp  may  be  calculated  for  any  given  place  in  north  latitudes  to  a  considtirabie 
•i^gree  uf^iccuracy.  This  metliod  is  explained  in  the  iid  vol.  of  Tiiloch's 
-'^Bgatine.  and  is  in  substance  as  follows : 

According  to  their  theory  there  are  two  ma^fticpoks,  one  in  the  laliliidc 

*»-t  TflO  I'N.  and  in  the  longitude  of270«'  W.»  from  Greenwich,  the  other 

.  ^Aiwoetrically  opposite,  in  the  latitude  of  79°  1'  H.  and  in  the  longil>id«  of 


ft, 


,4 
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15^0  la'  £.  The  g^reat  circle  of  the  earth  90^  distant  from  these  polra  m 
i-alled  the  magnetic  equator.  On  tlie  magnetic  equator  the  dip  la  nothmc, 
anil  at  the  poles  is  90<^,  at  any  other  point  on  the  surface  of  the  earth  the  dip 
varies  with  tlie  distance  from  ttic  magnetic  pole :  This  distance  may  be  cal- 
culated by  common  spherical  trigonometry,  or,  (which  is  much  more  sim- 
ple and  sufficiently  accurate  for  this  purpose^  by  measuring  the  distance  on  a 
terrestrial  globe  from  tlie  magnetic  pole  to  tne  place  for  which  the  dip  is  to 
he  calculated;  then  to  the  log.  co-tangent  of  this  distance  add  the  constant 
logarithm  O.duiOd,  tiie  sum  will  be  the  log.  tangent  of  the  dip.  The  dip 
was  calculatt'^d  on  these  principles  for  twenty-eignt  places  in  Europe,  Asik, 
Africa  and  America,  and  m  ten  places  the  theory  did  not  differ  1^  from  ae- 
tual  observations,  and  in  five  places  did  not  differ  S^,  but  at  Spitsbergen  the 
difference  was  between  4^  and  d^.  Considering  the  difficidty  of  observing 
the  dip  with  accuracy,  the  difference 'between  the  theory  and  obserration 
may  he  considered  as  nearly  within  the  limits  of  the  errors  of  observatioD, 
and  this  difference  may  be  rendered  less  by  introducing  a  small  correcticHi 
depending  on  the  longitude  of  the  place  of  observation  referred  to  the  mag- 
netic equator. 

The  methods  proposed  f()r  finding  the  longitude  by  the  variation  and  By 
the  dip,  will  be  hereafter  explained. 


TO  FIND  THE  LATITUDE  BY 

THK  latitude  of  a  place  being  its  distance  from  the  equator,  is 
by  an  arch  of  the  meridian  contained  between  the  zenith  and  tlie  equator  r 
hence,  if  the  distance  of  any  heavenly  body  from  the  zenith  when  on  tb< 
meridian,  and  the  declination  of  the  object  be  given,  the  latitude  may 
thence  found. 

The  meridian  zenith  distance  of  any  object  may  be  found  by  obsenring  i(!r.  ^ 
altitude  when  on  the  meridian,  or  by  observing  one  altitude  taken  at  a  gir< 
liour  from  passing  the  meridian,  or  by  two  altitudes  taken  out  of  the  meri 
dian  and  the  elapsed  time  between  the  observations—each  of  these 
will  be  (explained  by  proper  examples. 

Altitudes  of  the  sun  and  moon  taken  at  sea  require  four  corrections  in 
to  obtain  the  tnie  altitude  of  their  centres;  tnese  are  for  Semi-din mfiffi^  ^ 
Dip,  Refraction,  and  Parallax.*     When  a  planet  or  star  is  observed,  the  eoi 
ri'ctions  for  dip  and  refraction  only  are  to  be  applied,  as  the  senu- 


;uid  parallax  of  a  planet  are  but  a  few  seconds,  and  may  be  neglected  in 
in;;  the  latitude  at  sea. 

in  a  fore-observation  trith  a  quadrant,  sextant  or  circle,  the  semi-diamet^a^- 
is  to  be  added  if  the  lower  limb  was  observed,  but  subtracted  if  the  iip| 
limb  was  ohserveii.    The  dip  and  refraction  are  to  be  subtracted  ana  I 
parallax  to  be  added,  and  the  central  altitude  will  be  thus  obtainedf  whii 
being  subtracted  fi-cun  90^  will  give  the  true  zenith  distance. 

In  a  back-observation  with  a  quadrant,  the  semi-diameter  is  to  be  sul>t)nu 
ed  if  the  lower  limb  was  observed,  but  added  if  the  upper  limb  was  ol 
ed.    The  dip  and  parallax  arc  to  be  added,,and  the  refraction  subtracted,  an 
the  central  altitude  will  be  obtained,  which  being  subtracted  from  90^ 
give  the  true  zenith  distance. 

//(  a  back-observation  with  a  sextant  or  circle,  by  measuring  tlie  suppiemo^^mt 
of  the  altitude  by  bringin;;  the  lower  limb  of  the  image  of  the  obieet  to 

touch  the.  back  horizon,  the  semi-diameter  and  refraction  must  be  aaded'-      to 

*  TIi«  roRii  di'-iuieicr  of  the  sun  inay  Ih>  found  in  tlie  3d  pnse  of  tli<!  moplh  of  tbe  Navtlcftl 
and  K  nearly  K'*-.    The  ^un*»  paraliiuc  i:t  to  l>e  found  in  TiilHc  XlV.    The  refmctlon  ia  TUblr  XIL 
I  i^i  ill  Table  XIII.    Tlie  scini-dLimetrr  and  |«nUlBZ  nf  the  moon  niiijr  be  fouud  from  tlie  IfuwK'"* 
IMI-,  an  will  Im.>  cxiilained  lieirafter.    It  niny  alfo  be  olncrvril,  that  it  is  unial  to  add  V»t  fortlw 
i-if  s«'ini-dinmctor,  dip  and  imnillnx,  io  a  fure-obMrvation  of  the  luii*!!  lower  Umb,  taken  oa  tf 
^  iminitn  ftiird  vestrl.  and  by  subtracting  tbe  refraciloa  from  the  Mim,  the  trae  altatude  wOl 
iiearW,  and  it  ou;*hl  always  to  be  kejit  io  mind  lh.it  t1  e  reCractlon  at  low  altlnides  to  of  too 
''be  neglected. 


TO  nxD  THE  Latitude  bv  observation,    ui 

Jlic  tiltitiMle  i;i>'cn  by  lh«  iantniment,  nnil  tht^  dip  and  pnrallai  siibiractril 
Ihcrcfrom,  uid  hj-  siilitracling  9I>^  from  the  n-in.iindcr,  tltc  true  zenith  d'xs- 
Uuic«  will  bi!  ohtiined. 
'  Ta  find  the  Latllude  bg  the  meTidian  allltitdr  of  any  •jbjerL 

»  Bavn^  oblaioed  thr  true  mcritllnn  zenith  diatance  ity  either  of  those  titii- 

XhiA,  you  must  then  find  the  decimation  of  the  object  al  the  lime  of  nlMer- 
^^.KUioii.     This  may  be  found  tot  the  sun  by  the  NautioaJ  Almanac  or  by 
twuta  nf  Tnlik:^  IV.  and  V.  in  Ifie  manner  liefore  explain«>d.     The  declina- 
t«o  of  a  died  star  may  be  e<L»ly  found  by  bi9|iection  io  Table  Vlil.     The 
Aedinalion  of  Uie  inoou  or  a  pianist  Diay  bn  found  in  tbe  Nautical  Alma- 
Hc  m  a  manner  whkh  will  be  hereaRcr  explained.     Having  tiie  meridiMi 
Knitbdiit^iceanddecliiialiun,  the  lath  iideiatulx- found  by  the  fbllovingrulcei 
CASE  r. 
Ifhtft  the  abjtrl  rtfti  rmd  itU. 
Rcm:.     If  thn  object  bear  Minilh.  when  upon  the  meridian,  call  the  ecnith 
distance  nirrA  ;'  but  if  llie  bearing  be  north  you  mu.il  call  tho  zenith'  distance 
"Hith.      Place  the  z«nilh  distance  under  the  dcdinatiiin.  and  if  they  are  of 
ffte  same  nune  add  them  together,  but  if  tfiiy  are  of  different  names,  talM 
f^eir  diSerence :  this  sum  ur  di0ercncr  n  111  be  the  laljtudi;  b  hich  win  he  of 
'he  suae  name  m  thegrt-alcst  number. 

CASE  II. 
''  ^t<j«  Oit  objret  doa  not  irl,  but  coma  to  Ike  mtrid'uin  ri'iaiit  llif  hbrnuit  (d"!^ 

X^Iuj  K»n  arc  alnajs  aboie  the  baiizoo  of  certain  pbrcn  of  lh«  Farlh,  and 
"*  Ikigb  btitixlet  the  rua  i»  jninetimei  alxxr  (he  horiioo  for  uicnl  ilajs,  in  which 
"*"■■-  tbe  netulian  idlitiide  wij  be  i>lnert(.ilii>iccin34  faoiirs;  thul  u,  mice  si  tfae  grest- 
'*^^bh^  aboK  Ihe  pole,  Iiid  B^inin  ut  Viv  lawMl  lieigbt  upon  the  meridian  bclox  the 
f*"^-.  In  the  fermer  case,  (tic  latitude  is  to  be  founJ  bj  the  preceding  rule,  l)ut  ia  Ihc 
"^t^T,  ly  (Ik  rollawirc 

,      E<DLi.     AiM  Oie  raaiplemcnt  of  Ibc  decUiutian  to  the  ncridiui  aKitudc  ',  the  sum  nlll 
■*    the  iBtitude,  of  (lie  same  name  ar  the  declination. 

^ort.  WVo  the  ran  or  f>tar  i»  on  the  eqiia(or,  or  hsi  no  deeljniKion,  Ihe  lenith  dU- 
"^nce  wiU  be  equal  lo  [h(  latilode  of  (he  plare,  which  nill  lie  of  the  same  nunc  u  Llir 
■«xaiA  diMmce. 

^Vben  Oe  Ha  or  sUr  19  in  the  zrnilh,  the  d^iiuatioii  nill  be  cqiul  to  the  iBUtiidf, 
^ttd  it  «SI  be  oT  the  »»ine  osme  u  the  ileclinaiion. 

To  find  llu.  latitude  hij  Iht  mtridrun  altitwk  of  Ihr  ran  t, 


SJL\MPL£  I. 
Si^poM  fh^  at  the  end  of  the  sea  dsj, 
•*"•■  ai,  US*,  in  the  longitude  of  fr^  W. 
2*  Meridian  altitvle  of  the  sun'.i  l< 

>  be  W-  6' — required  (lit 
ing  (he  conection  of  Ihc  ob- 
Cor  parsllBX,  d 


■dahSdc 


EX.\MPLE  II. 
Suppose  that  at  the  end  of  the  >ea  day, 
April  M,  1'J24,  in  the  lon^tudo  of  HO-*  t. 
from  Greenwich,  (he  nititiidc  of  the  ibd'« 
lower  limb  bj  a  fore-observalion  w«ii  60-' 
is'  when  on  the  vcrtdjan  and  bearing  MHith, 


a  for  d 


cs — required  the  hiti- 


IViie  zenith  diatanCB 89  93  K- 

'»  declimition,  Tab.  IV.  )         n  -,  „ 

>r,  by  Tab.  V.  for  Ions.!    '-^  *' ■*• 

iUidc 38  44  N. 


«  « 
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EXAMPLE  III.  EXAMPLE  VL 

Suppose  that  at  the  end  of  the  ncii  day,!  By  a  back-obsen'atioii  with  a  quadrant  ol 
May  15,  1824,  in  the  meridian  of  Ciret^u-! reflection,  the  meridian  altitude  or  the  wn*) 
^virh,  the  mcridiaualtitudeof  the  sun's  lower' tower  limb  was  25^  12'  when  the  decUnatioi 


limb  bearing  north  wa^  found  by  u  iore-o'o- 
vcrvation  to  be  30-^'  6',  the  correction   for 
parallax,  dip  and  semi-diam.  being  12  milei 
required  the  latitude  ? 

Ob9er>-ed  altitiulc 30  '    d* 

Par.  dip,  and  sen  J-diam. . . .  add  1 2 


Sum 

Kcfraction subtract 


30 


18 
2 


True  altitude 30    l6 

Subtract  from '. 90    00 


True  zenith  distance o9    44  S. 

Sun's  declination 18    55  N. 


Latitude 40   49  S. 

EXAMPLE  IV. 

Suppose  that  at  the  end  of  the  sea  day, 
Nov.  17,  1824,  in  the  longitude  of  60^  E. 
from  Greenwich,  by  a  fore-observation  the 
meridian  altitude  of  the  sun's  lower  limb 
was  50-  6^,  bearing  south;  the  cj-e  of  the 
observer  being  17  feet  above  the  surface  of 
the  sea^-requircd  the  latitude  ? 

Observed  altitude 50^    6' 

Sun'a  aemi-diam odd  16 


Subtract  dip  and  refraction. 


50    22 
5 


True  altitude* 50    17 

Subtract  from 90     0 


True  zenith  distance 39    43  N. 

Sun's  dec.  cor.  by  Tab.  V 19      IS. 


Latitude 20    42  N. 

EXAMPLE  V. 

By  a  foro-observation,  the  meridian  alti- 
tude of  the  sun's  lower  limb  was  found  to 
be  40'^  2^  bearing  south  of  the  obsener,  the 
declination  being  9^  56'  N.  and  the  eye  26 
«feet  above  the  horizon — required  the  lati 
tude  of  the  place  ? 

Obsonred  altitude 40'^  20^ 

Semi-diameter add  16 


Dip  t}\  refVaction  1',.  ....sub. 


40 


6 


True  altitude  sun's  centre* 40  30 

Subtract  from .- 90  00 

Zenith  distance. 49  30  N. 

Declination..... 9  56  N. 


Latitude 59   26  N. 


\vu0  21^  14'  S.  and  the  eye  of  the  observer  4< 
feel  above  the  horizon,  the  sun  bearing  S.— 
required  the  lat.  of  the  place  of  bbserration 


Obs(;rved  altitude 
Semi-diameter sub. 


250  12' 
16 


Dip 


34 


add 


56 
6 


25 


Refraction sub. 


2 
2 


True  alt.  of  sun's  centre* 25      0 

True  zenith  distance 65      0 

Declination 21    14 


N 

S 

N 


Latitude  43   46 

EXAMPLE  VIL 
Suppose  that  on  January  1,  1824,  an  d6 
server  17  feet  above. the  water  finds  bji 
fore-observation  that  the  altitude  of  Siriu 
is  53"^  33'  when  passing  the  meridian  to  tb 
southward ;  required  the  latitude  of  th( 
place  of  obnervation  ? 

Obser^  ed  altitude 53^  3^ 

Dip  of  horizon  .........  sub.  4 


Refraction • sub. 


53 


29 
1 


53   2S 


Tnie  zenith  distance 36    32  ^ 

Sirius'  declin.  Tab.  VlILf 16    29   .^ 

Latitude   SO      3^ 

EXAMPLE  VIIL 

Suppose  that  on  the  13th  June,  1824,  sei 
nccoi-^ftit,  an  observer  in  a  high  northern  laL 
tude  and  in  the  longitude  of  65*^  W.  Otoe 
Greenwich,  his  eye  being  20  feet  abo^'e  th 
surface  of  the  water,  obsenr'ed  by  a  fore 
observation  the  altitude  of  the  sun's  lowe 
limb  on  the  meridian  below  the  pole  8^  14' 
requured  the  latitude? 

The  sun  being  below  the  pole  at  12  hoon 
before  the  end  of  the  sea  day  June  13,  thi 
correction  of  declination  corresponding  ii 
Table  V.  is— r  46",  and  the  correction  fo 
65^  W.  lonp;.  is-f-O'  38",  hence  both  conee 
tions  make  nearly  T  to  be  subtracted  from  thi 
declination  at  noon  23'^  14'  N.  which  will  givi 
the  declination  at  the  time  of  obscrratioi 
23^  13'  N.  the  comp.  of  which  is  66°  47'. 
Observed  alt.  sun's  lower  limb       8^  14' 


Scmi-diametcr add 


16 


Dip. 


8 


sub. 


30 

4 


8  26 

Refraction  sub.  6 

True  alt.  of  sun's  centre} 8  20 

Complement  of  declination  ....  66  47  N 


Utitude 75      7  N 


*  The  pwmliaz  lieiDg  sumll  ii  bere  nefrtocted,  and  f  be  sun's  spini-dismetrr  is  suppovd  to  be  16^. 

t  The  Bordi  polar  dlstuices  of  tbew  bright  stnrs  are  given  for  every  10  (ley*  in  the  Naiicieid  Ahaaaar. 
wlien  great  accnra<7  is  required,  the  dedinatious  deduced  frum  tbe&c  amy  be  used  iusleMi  el  the  rnim 
licn  in  Table  VIII. 

1  Tl^  parallax  Iwin^  tmall  is  neglected. 
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EXAMPLE  IX. 

SuppoM  thtt  on  January  10,  1A24,  an 

otiserver  18  feet  abo>e  the  water,  linds  the 

£&lUtude  of  tiic  north  star,  when  on  the  me- 

i-idiao  twiow  the  pole,  to  be  36-  23'  by  a 

t'ore-ohienation ;  required  the  latitude  of 

V  tie  place  of  obserration  P 

r>bwrTed  altitude 36-23' 

s^ubtract  dip.  4'.  ref.  1' 5 


altitude 36    Id 

<«np.declin.  Tab.  VIII.* 1    38  N. 


S^.atitude 37    56  N. 

EXAMPLE  X. 

Suppoy  til  At  by  a  back-observation  ivith 
sa.   sextant  the  lontT  limb  of  the  sun's  image 
brought  to  tlie  back  horizon,  and  the 
Sk  shown  by  the  index  was  11<F  10',  the 
■>  being  then  on  the  meridian  and  bearing 
the  declination  being  20^'  5'  N.  the 
i*«  ■emi-<liameter  16' and  the  observer  20 
^t  above  the  horizon ;  required  the  latitude  ? 

^'•■erved  ans^le 110^  10* 

^mi-dianiett:r add  16 


EXAMPLE  XL     . 

Suppose  that  by  a  back-observation  witli 
a  sextant  the  lower  lunb  of  the  sun's  'anAgit 
was  brought  to  the  back  horizon,  and  the 
angle  shown  by  the  index  was  106-  12',  the 
jSUtitudc  of  the  observer  being  22  feet  and 
the  correction  for  semi-diameter,  parallax, 
and  dip  being  (as  usual)  about  IS';  re- 
quired the  true  latitude,  supposing  the  de- 
clination to  be  20^  S.  and  that  the  sun  b.ore 
north  at  the  time  of  observation  ? 

Observed  angle 106^  12' 

Dip  and  senii-diam add  1 2 


Subtract .  f . 


H>6    24 
»J»>      0 


Zenith  distanrci 16    24  S. 

Sim's  decluiation 2U      OS. 


Latitude    36    n  S. 


J>i 


«P 


110    26 

sub.  4 

no    22 


Subtract 90      0 


^aith  distancet 20    22  N. 

Dtclinatkin 20 


5  N. 


Ijlitude 40    27  N. 


I 


It  was  obs«^nred  in  the  direction?  for  finding  the  meridian  altitudi*  of  an 
'»bjecr,  that  an  error  would  arise  if  the  ship  were  in  motion,  or  tlie  sun's  de- 
t'linatjon  should  vary.  The  amount  of  this  correction  may  he  estimated  hi 
(he  foHowiog  manner. 

Find  the  numher  of  miles  and  tenths  of  a  mile  northing  or  southing  ma.de 
by  the  ship  in  one  hour,  and  also  the  variation  of  the  sun*s  declination  in  an 
hour  expressed  also  in  miles  and  tenths.  Add  these  tof^ether,  if  they  botli 
conspire  to  elevate  or  depress  tlie  sim,  otherwise  take  their  diffen'nce,  which 
call  theaich  A.  Find  in  TahU*  XXXII.  the  areli  B,  expressed  in  seconds, 
rorrespondint;  to  the  latitude  and  (hclination ;  then  the  arch  A,  divided  by 
iitiee  the  arch  B,  will  express  the  tii,n;  in  minutf^s  from  noon  when  the.greatest 
(or  least)  altitude  was  ohservt-d.  >Inri'over.  tiie  square  t»f  the  arch  A,  di- 
vided by  five  times  the  arch  B,  will  he  the  numher  of  seconds  to  he  applied 
to  the  observed  altitude  tt»  (»bt.un  tlie  true  altitude  which  would  have  b^en 
observed  if  the  ship  had  been  i?t  rejft. 

Thus  if  the  ship  sailed  towards  tb.e  siui  south  \-Z  miles  per  hour,  the  de- 
cKnation  increasing  northerly  r  prr  hour,  we  should  have  A  =  ll-}-l  =  12. 
If  the  latitude  was  U-  >'.  deelinatiou  :J'-*  S.  we  should  have  by  Tab.  XXXII. 
Il=r2".  In  this  case  th**  time  from  noon  irf  \-  =S  minutes,  and  the  correction 
of  altitude  '}*  =  lo  seconds  onl}'. 


*  The  oorUi  poUr  4!i>t.tnre«  of  llietp  hri'jli:  stnn  are  ;ri*rn  for  cvrry  10  fia.vs  in  tlie  Nautiail  AIiimimc  : 
«i  hen  rmt  accuracy  t»  rtimircd,  llie  dcrlinalioiis  ilcilnccil  frum  llifM  uiny  tic  utal  iit>lca(l  of  ifie  budi- 
L-r»  ID  Table  VIII. 


*  Tlw  ivfraeliuD  ami  {uirallax  licinfr  oti!y  a  few  HnroiuS  are  iwgkcreil. 

*  The  fefPKtinu  Lelog  *onll  h  u«gloi*tcd. 
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TO  FIND  THE   T.ATITUDE 

BV.TIIK 

aiERlDIAN  AfiTlTUDE  OF  THE  MOON. 

THE  latitude  ma}'  he  found  at  sea  by  tho  mooirs  meridian  altitude  more 
accurately  than  by  any  other  method,  except  by  the  meridian  altitude  of  the 
sun;  but  to  do  tins  it  is  necesHary  to  And  thl^  timr  of  her  pasi«in^  tho  meri- 
dian, and  Iht  declin:iti(»n  at  that  time.  To  facilitate  these  calcuUtions  wc 
have  jsivcu  tlie  Tables  XX  VIII.  XXIX.  and  XXX.  The  usds  of  which  will 
evidently  appear  from  the  fwllowinK  rules  and  exampletj. 

To  find  ihr  tntf  time  of  tht  nvtoiVs  paitsin*^  the  meridian. 

In  the  sixth  pnj^e  of  the  Nautical  .Vhuanac,  find  the  time  of  the  moon*:^ 
rominj;  to  the  nn'ridiari  of  Greenwich  for  one  day  earlier  than  the  sea  ac- 
count;* and  also  the  time  of  her  coming;  to  the  meridian  of  Greenwich  the 
next  day,  when  you  are  in  west  longitude,  but  the  preceding  day  when  iD 
east  longitude;  tak«'  the  difference  between  these  times,  with  which  you 
must  enter  the  top  coUunn  of  Table  XXVIII.  and  against  the  ship's  longi- 
tude in  the  side  column  will  be  a  lunnber  of  minutes  to  beap[ilied  to  thetimr 
taken  from  the  Nautical  Almanac,  for  the  day  inmiediately  preceding  tJie 
sea  account,  by  adding  when  in  \\«*Mt  lon*,!:itude,  but  subtraetinj;  when  in  eftsl 
longitude;  the  sum  or  difference  will  be  the  true  time  of  jiassing  the  nieri- 
fliaii  of  the  given  place. 

EXAMPLE. 

Required  the  time  of  the  moon*s  passing  the  meridian  of  Philadelphiaf 
April  19,  1820,  sea  account? 

The  day  preceding  the  se^i  account  is  April  18,  on  which  day  the  moon 
passed  the  meridian  of  Greenwich  at  r>h.  .Sni.;  and  being  in  west  longitude, 
I  find  also  the  time  of  her  passing  the  meridian  the  next  day,  5h.  55m. ;  the 
difiercnce  of  these  two  numbers  is  b^m. ;  with  this  I  enter  Table  XXVIII. 
and  at  the  top  find  bi' ;  under  this  and  t>pi>nsite  Ib^  (the  longitude  of  Phili- 
delphia)  is  the  correction  11',  to  be  addetl  to  .'ih.  .Sm.;  therefore  the  time  of 
passing  the  meridian  of  Philadelphia  \^  April  IHd.  5h.  1  Ini.  sea  arcount;  6x 
April  l&d.  Oh.  14m.  p.  m.  civil  account. 

To  find  the  moon's  dfclination  irhtn  on  th-  nuridian. 

Find  the  time  of  the  moon*s  coming  to  tin*  meridian  as  above;  turn  the 
ship's  longitude  into  time^  (by  Table  XXI.f )  and  add  it  thereto  if  in  we*t 
longitude,  but  subtract  it  in  east,  the  sinn  or  difference  will  he  the  time  at 
Grcenwich.^-Take  out  the  moonV  declination  from  page  6th  of  the  Nauti- 
cal Almanac,  for  the  nearest  noon  and  midnight  ;t  and  note  the  difference  Oi 
the  declinations  if  of  the  same  name,  but  their  sum  if  of  different  names: 
enter  Table  XXX.  with  this  sum  or  difference  at  the  top,  and  the  time  al 
Greenwich  in  the  side  column,  under  the  former  and  opposite  the  bitter  will 
be  the  correction  to  be  applied  to  the  declination  which  stands  first  in  the 


*  TakiDg  (he  time  one  day  earlier  than  the  sna  accv^unt  reOiici^  it  to  Astronomical  time  nicd  in  ifai 
Naatical  iCuiMimc 

\  Longitudv  nwy  bi  turniil  into  lime  without  the  help  uf  Tiible  XXI.  by  rouHi|)lf  iof;  by  4  scugeii 
maUy,  and  putting  the  pr<Klurt  oim*  ile  nominal  ion  lower ;  Hiid  by  dividiiijr  by  -1,  time  may  be  turned  iMc 
•depveB,  Ice.  Thus  »)"X4-.-4.H)'=5h.  Shu.  ami  is''  in  X*=^''i'  ^'  =lh.  liu.  4<.j  in  like  manner  Ib.SOm 
or  80m.  dhrided  hy  4,  f^iven  20*,  3h.  It>in.  or  l%m.  divided  by  4.  ^ireii  4l•^  whirh  a^ree  with  tbcTiaMe 
IFthefhIp  be  ftir'nbhMi  with  »  chmnomHer  rf*j.MilHtrf<  totirecnwirh  or  ine.-in  lime,  this  pml  of  iIm 
operatkm  wiH  he  saved,  l<ir  by  apiilying  the  equation  of  time.  Table  IV.  A-,  with  a  ntarmrg  tin  to  tfca* 
in  the  TaUe,  thtt  appmmt  lime  at  Orecnwirh  wdi  he  obtained,  » in  the  e^pbinaiion  preAiedlolEeTaUM 

t  ir  ihe  lime  at  Uraenwlch  be  exaeilv  noon  or  midnight,  the  tnie  decIinntJon  w  ill  be  rlvts  hv  bp Kiu; 
Ileal  AloNiaac.  iTtlhoQl  t^  trnuble  of  referrln-j  i<>  Talite  XXX. 
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Vautical  Almanac ;  addltivp,  if  that  docliiiation  Ix*  inrn-nsin^;  siibtractivp, 
if  dffrcasing;  the  sum  or  clifrerotH-e  will  bf^  tlio  tnio  dci'Iinatiuii  ut  the  tinit* 
i^f  |>assu]g  the  mcriiliiiii. 

NOTES. 

1.  Bj  the  abo^c  nilc,  tho  day  of  tiic  niuiitli  on  \ihirh  the  luoon  pn-sos  the  meridian 
uiiut  be  taken  one  lesi^  than  the  sea  account:  and  ivbun  yuu  add  the  longitude  (turned 
iiitc  time)  to  tbc  time  of  passing  the  meridian,  and  the  hours  of  the  sum  exceed  24,  you 
Bust  subtract  24h.  and  add  one  to  the  day  of  the  month ;  if  the  lonjritudc  be  Miltraetivc 
Slid  greater  than  the  time  of  pas^ting  the  mcridinn,  you  nuisst,  previous  to  the  tuhtrnc- 
iinn,  tdd2-4  hours  to  the  time  of  pa&sin«:  the  mcriuion,  nnd  .«i:l)*r:ici  niie  froni  the  day 
of  the  month  ;  tiic  sum  or  uitTerencc  will  be  the  time  ut  i.ln  Luvclch.  {f  thi.s  time  be  le^s 
|iis&  Ij hours,  you  mu.«t  take  out  the  declination  fur  the  lirrciiiin:^  noon  ;:!i.t  the  folloiv- 
'Af  midiiirht ;  but  if  the  time  exceed  12  hottr*,  vo^:  mu^t  t.dic  out  the  der:U:ialion  for 
'■*<  pnereding  midni;;ht  and  the  follon  ini^:  ur,ca. 

*•  When  one  of  the  declinations  icikt  is  t'ntri  .';t:  Nauiii'al  .\'.[ii::iiar  is  uoilii  and  the 
^^^  south,  the  dillenjuce  between  the  rorrniuin  of  T.ivlv  \X\.  ;'.nd  that  declination 
*wJl  itand«  first  in  the  Nautical  AlriiHiine,  wMI  hf  l!ji-  liur  dc  iin'.>tion,  which  will  be 
^^e  same  manie  as  that  fir^t  deeliuatiuu,  wh<  n  the   rorrcclion  of  Table  XXX.  is  less 

"**>  ibe  first  declinution,  but  if  greatijr  of  :i  cniitnirv  nam* . 
*•      In  the  jtanie  manner  wu  mav  find  tip-  <'.vt-lin:itioii  fm-  nnv  time  in  the  dav,  bv 

^*ingusc  of  the  given  time  innteail  of  the  tiihi  of  lije  mounts  |i;u»»»ipa;  the  meridinu. 

.  ^-      Id  the  above  rule«  the  second  dit-i'rciic!--:  of  tiie  nionii\s  motion  are  neglected. 

J?  ^••M  where  vcn*  great  aceuracv  is  n  quin^l,  ibe  calruhUiun  nmv  be  made  sut  Iti 

'™Wem  I.  of  the  Apiiendix. 

EXAMPJ.R. 

fi.c»quired  Ihr  moon's  (h'rlin.ition  ;it  llie  tinw.'  «»f  hor  passing  the  meridian 
'''^^hdadi.'Iphia,  April  lii.  I•'^J^^  s*;.  nrenmit  .' 

*^tie  timt*  nf  jKi-^Hn;:  tlir  merlili.-iii  of  |*hi!.u!.'!phiu  was  fiuind  in  th«*  pro- 
''^ing  Example  to  hv  A{»ril  I'Jd.  5h.  Hm.  sim  yrtount,  or  April  18th.  :>h. 
jj"*5^ -  Hy  Nanlical  Alniaiiue  iuTimnl:  litis  ht-in;;  add.-d  to  th«'  longitude  of 
■'^■ladeJphia,  in  tini«' Oil.  Ini.  nearly,  tin- sum  is  tho  time  at  Gri'onwich,  April 
18tfa.  loh.  lira.  The  derlinntiiui  April  ISth.  at  noon,  was  28^  i26'  N.  and 
^  April  ISlh.  at  midni;sht  -27^  48'  N.  tin-  dilTenMict^  being  3a'.  this  being 
fotiradalthe  top  of  Table  XXX.  and  tho  lime  lOh.  K/m.  in  the  side  column, 
tH«i  number  corrcrfpondine:  is  ii-}\  which  subtracted  from  the  first  declination 
li"^  26'  leaves  the  declination  recjnin'd  -27^'  jiV  N. 

-^tthe  time  of  the  moon's  passing;  the  meridian  you  must  observe  the  alli- 
<iJ«leof  henijiper  or  lower  limb,  and  correct  this  altitude  for  semi-diameter, 
^^P*  parallax,  and  refraction,  and  you  will  obtain  the  central  altitude,  with 
^iiich  and  the  declinatii)ti  you  ni;iy  find  the   latitude  by  the  rules  before 
iP^fifi.     Or  you  may  correct  thi*  oh«iT"*(d  altitude  by  the  following  approxi- 
mate method  which  short;  as  the  calculation,  and  is  sufliciently  accurate. 
«*^»f»«^cially  when  the  dip  isabotit  J'  or  j\  which  is  nearly  the  value  in  com- 
uiofi  otisenatituis  at  sea. 

To  Jind  tht  !atitu4t  hy  the  moon's  vi'^ridirm  ahiluilfn  ohlahifd  hy  a  forc-o-j 

sfri'fflion. 

To  the  observed  altitude  of  thi*  moon's  b>wer  limb  add  l!i!  minutes,  but 
jfUer  upper  limb  was  observed,  subtract  H)  minutes;  with  this  altitude  enter 
Table  XXIX.  and  take  out  the  minutes  corresponiiiri^  and  add  thereto,  the 
*'iin  Kill  be  the  central  altitude  of  the  m(»on;'   with  this  altitude  and  the 
nwon's  declination  found  ;w  above,  the  latitude  may  be  found  as  by  !i  meri- 
dian altitude  of  the  sun. 


P  '"^Iculatinc  nccnniiely  ihn  moon'n  coniml  nltUndi*,  you  mu^t  pmcepJ  in  the  followinjy  mannf- 
'IMUieiifne  uf  iJbe  ninun'<  na!-«intr  iIm*  niertdian  itiiuciiti  \o  Ori-fiiwich  tiiiii*  »«  alvovi*.  take  uut  tlu* 
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12; 


D.    B.    M. 

I  puses  merid.  Nov 23  19  37 

Long,  I5(r^  W.  ifl  time 10    0 

Time  at  Greenwich  Nov 29    5  37 

]) '5  dfed.  Not.  39  St  noon 0-  2rN. 

at  midnight..  2    22  S. 

Sum 2    49 

With  this  som  2P  4%  and  the  time  at 
Greenwich  5h.  37m.  I  enter  Table  XXX. 

atail  find  the  corr.  of  decl 1^  19' 

DecL  Nov.  29  at  noon 0    27  N. 

Tnie-deeltnatioD 0    52  S. 


Obe.  alt.  D'8  upper  limb  ..(/P  2ft' 
subtract 20 


Corr.  Tab.  XXIX.  add 


60      6 
28 


])'8  corr.  alt 60    3-1 

D'szen.  dist 29    26  S. 

])*a  declination 0    52  S. 

Latitude 30    18  S. 

In  this  example  you  must  refer  to  note* 
1.  and  2.  page  125. 
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By   THK 


1IIERIDL4N  ALTITUDE  OF  A  PLANET. 

FROM  page  4th  of  the  month  of  the  Nauticnl  Alman<ic,  tiikc  out  thn 
time  of  the  planet's  passing  the  meridian  on  the  day  nearest  to  that  on  which 
the  obsenration  was  made ;  this  will  he  nearly  the  time  of  passing  the  men  - 
dijn  of  the  place  of  ohservation.* 

Tnra  the  ihip's  longitude  into  time,  and  add  it  to  the  time  of  passing  die 
meridiaiL,  when  in  west  longitude,  hut  suhtract  in  east,  the  sum  or  difference 
inll  be  the  time  at  Greenwich  nearly.f     Take  out  the  planet*s  declination, 
from  the  Nautical  Ahnanac,  for  the  times  immediately  preceding  and  fol- 
lowing the  day  of  observation,  and  note  the  difference  nf  the  declinations 
when  they  are  of  the  same  name,  hut  their  sum  when  of  different  names, 
and  fiod  the  interval  hetween  these  times  marked  in  the  Nautical  Almanac : 
fake  also  the  difference   hetween  the  time  first  marked  in  the  Nautical 
Almanac  and  the  time  of  ohservation  at  Greenwich  (remarking  that  tliis 
time  fs  one  day  less  than  the  sea  account:)  then  as  tlie  former  interval  of 
time  18  to  the  latter,  so  is  the  sum,  or  difference  of  declinations,  to  the  cor- 
rection of  the  declination  taken  first  from  the  Nautical  Almanac,  additive  if 
'hat  declination  he  increasing,  but  subtractive  if  decreasing;  the  sum  or 
difference  will  he  the  declination  of  the  planet  at  the  time  of  observation. 
But  you  must  obsen'e  that  if  the  correction  of  declination  be  greater  than 
the  declination  first  marked  in  the  Nautical  Almanac,  their  difference  will 
^  the  sought  declination,  which  will  be  of  a  different  name  from  the  fir^t 
declination. 

From  the  observed  altitude  of  the  planet  (taken  by  a  fore  observation)  siib- 

^>^ct  the  refraction  and  dip,  the  latter  being  in  general  about  four  minuter, 

^'Vi  the  remainder  subtracted  from  90^  will  give  the  correct  zenith  distance 

*^^ariy;  with  which,  and  the  declination,  the  latitude  may  be  found  as  by  an 

•^l>servation  of  the  sun. 


**  If  yov  wbh  to  find  tbc  time  of  pusing'  the  meiidlan  imnv  nccoratrly,  vou  mnft  fake  m  propArtioiwl 
^    of  llH  dUkrenoe  of  the  tiim«  ofcoming  to  tbe  meridiao  given  in  the  Nautical  Almanac,  in  the  nue 


m  tai  fiwUnf  llie  declination  of  tbe  planet. 

^  TU»  iUm  b  abo  giren  by  a  cbronomcten  as  in  nofe  page  12f,  or  in  UtCYxpTanation  profixtu  to 


' 


12S  TO  FIND  THE  LATHtlDE  BY  A  PLANET. 

EXAMPLE. 

Siipiiosc  that  on  the  -ZSd  October,  18£0,  in  lon^  60^  W.  Jupiter  passed  th» 
meridian  to  the  southward;  his  meridian  altitude  being  observed  was  45^  SO', 
and  the  dip  i' ;  required  the  true  latitude  ? 

October  *23,  sea  account,  is  Octotier  22,  by  the  Nautical  Almanac ;  now  on  OctobOr  T^t 
by  the  N.  A.  Jupiter  passes  the  meridian  at 9h.  86b, 

To  tiiis  add  the  long.  65^' W.  In  time  4     90 

Time  at  (ircenwich,  October  22d )3  4( 

Jupiter's  declination,  October  19     7-  39'  S. 
October  25    7    46  S. 


Dificrcncc 7 

Then  say,  as  6  days  (which  i^  the  interval  between  Oclober  19  and  October  35)  is  ^ 
3  days  13^  hours  (which  is  the  time  elapsed  between  October  l9th  and  October  88a. 
13}  h.)  60  is  7  miiiutes  to  4  minutes,  which  added  to  7^  39'  S.  gives  7^^'  4S'  S.  (he  tru.c 
drxlination  at  the  time  of  observation. 

Jupiter's  observed  altitude  45^  SO' 

Subtract  4  minutes  for  dip  and  1'  for  refraction  5 

Trucaltitude  45    15 

Zenith  distance  44    45  N. 

Declination  7    43  &-. 

Latitude .,.    37     2  N. 


TO  FIND  THE  LATITUDE  by  DOUBLE  ALTITUDES. 

Form  I. — f?^y  douhir  fdtitudcs  of  the  Smu 

'WHEX  by  renson  of  douds,  or  from  other  causes,  a  meridian  altitude  can- 
not he  obtained,  the  latitude  may  be  found  by  two  altitudes  of  the  sun,  taken 
at  any  time  of  the  day,  the  interval  or  elapsed  lime  between  the  obsen'ations 
beiu};  measured  by  a  good  watch  or  chronometer,  noticing  the  seconds,  if 
possible,  or  estimating  the  times  to  a  third  or  a  tpiarter  of  a  minute,  if  the 
watch  is  not  furnished  with  a  second-hand.  The  observed  altitudes  of  the 
sun  must  be,  corrected,  as  usual,  for  the  semi-diameter,  dip,  refraction  and 
parallax,  in  the  same  manner  as  in  findin;;  the  latitude  bv  a  meridian  altitude. 
'NVhen  great  accuracy  is  required,  the  declination  must  be  found  at  the  time 
of  each  observation,  u^^ing  the  third  method  of  solution  hereafter  given,  but 
wh«^n  tht^  suM*s  di^clination  varies  slowly,  or  the  elapsed  time  is  small,  it  will 
in  general  Ik'  sutliciently  accurate  to  find  the  sun^s  declination  for  the  miidU 
lime  between  two  obstrmtwM^  and  to  consider  it  as  invariable  during  the  obser- 
vnlions,  computing  the  latitude  by  the  first  or  secomi  method. 

This  manner  of  fuidin*;;  the  latitude  is  in  general  most  to  be  depended  upon 
wh(TC  the  sum's  meridian  zenith  distance  is  great.  If  the  sui)  passes  the 
'meridian  Jiear  to  the  zpoith,  jiiurh  greater  care  must  be  taken  in  measuring 
the  altitudes  .ind  noting  the  times,  than  would  be  necessary  under  other  dr- 
riimstanc.es.  The  nearer  the  sun  is  to  the  meridian  at  die  time  of  one  of  the 
observations,  the  more  correct  the  result  will  commonly  he.  In  general  the 
^lapsed  time  ought  to  be  as  ^reat  or  greater  than  the  time  of  the  nearest 
observation  from  noon.  Similar  remarks  may  be  made  upon  every  one  of 
the  following  forms. 

In  all  these  observations  it  is  supposed  that  the  watch  moves  uxuformly 
ncrording  to  apparent  time,  measuring  twenty-four  hours  from  the  time  of  m 
sun*s  passing  the  meridian  on  two  successive  days  at  the  same  place  of  obBer- 
ration.    If  the  watch  g^n  or  lose  on  apparent  time,  supposing  the  observer 
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f  •  »  he  at  rest,  a  correction  must  he  applied  for  the  srain  or  loss  during  the  time 
0 —  X  -apscd  between  the  observations,  so  as  to  obtain  acrurRtely  llie  tlapstd  timt 
.  »  «■  hour  angle.  It  is  not  required  th.it  t!ip  watch  s)iould  be  reyuhted  so  as  to 
^r^  -ve  precisely  the  hour  of  observation ;  the  only  thing  required  is  to  find  the 
^     ^  fipsfd  timt  with  all  possible  accuracy. 

Form  II.— />owWf  Altiludes  of  n  Stur. 

Double  altitudes  of  a  fixed  star  may  be  usfd  in  finding:  the  latitude,  and  the 

«-  .^E^lctiladoQ  is  almost  identical  with  tliat  of  double  altitude's  of  the  sun  :  the  on- 

\  j^'  diflerence  consists  in  adding  a  small  correction  t<»  the  elapsed  apparent  tim^ 

Y  >  *rlween  the  observations,  on  account  of  the  daily  acctlcration  of  3'  56"  in 

I.  I  m  p  time  a  star  comes  to  the  meridian  on  successive  days.     This  correction  i% 

r  j»  P  >(nined  to  a  sufficient  degree  of  accuracy  by  addin;:  one  S(rflud  for  every  sir 

'■^^  ynutejt  of  the  elapsed  time;  thf  sums  will  be  the  corrected  elapsed  time  or 

^  ^^Mranf^lt,  to  be  used  in  tin*  calculation.  i-itluT  *»y  tiie  firsts  second  or  third 

^Ticthod.     Thus  if  the  elapsed  timi'  \v:in  ;5;i.  or  ISOm.  the  correction  would  bo 

'  4-  "  or  ^'\   making  th«'  corrected  ehipsfd  tiiue  nr  hour  angb*  3h.  O'  30''.     If 

>t  rcat  accuracy  is  required,  find  the  correction  in  Table  XXXI.  in  the  column 

'  -marked  at  top  Si'  56",  and  at  the  sidf  with  tlir  elapsed  tijiie.    In  the  preceding 

•■-■^Jmiple,  this  Table  would  ^ive  CH'f.rth*^  corr»'cti<»n.  instead  of  30''. 

ill  observations  of  a  fixed  star  the  altilinh'<j  art*  to  be  corrected  for  dip  and 
^*  fraction,  as  in  finding  the  latitude  by  a  meridian  allilude.     The  declination 

•  '.**  the  star  is  to  be  found  in  Tabic  \'ni.*.     With  these  altitudes,  the  declina- 

•  '•  »n  and  the  hour  angle,  the  calculation  is  to  be  made  by  either  of  the  three 
f'tif'THod?  hereafter  given. 

.T*he  chief  difficulty  in  observations  of  tliiskind  with  a  fix*  d  st;ir  is  the  want 
*'}  a  good  horizon  in  the  night  time.  Tli»*  metliod.  howevitr,  might  somc- 
V^u^-s*  he  used  with  success.  so«m  aflrr  the  dawsi  of  day,  or  late  in  the  even- 
V!^  ^  ^'ilight,  at  a  time  when  the  horizon  is  wtll  defmed.  and  the  star  bufiicient- 
y  *» right  to  hrinsf  it.-<  rnflt'cti'd  im;-.;-c  tn  th»'  Ihmt/jui.  Sometimes  a  good  hori- 
'"'1  K  produced  by  the  aurora  biirealis,  in  i^Iuch  case  a  Rood  observation 
""Scht  be  m.ide  with  stars  in  the  nnrthern  hi»ri/iMi,  but  a  single  ob.-ervation  of 
^^    polar  star  will  answer  the  same  purpose,  and  hv  much  more  simple. 

Form  lU.^Douih  AUitudfs  ofu  Planet. 

double  altitudes  of  a  planet  (piirticularly  Jupittrand  Venus,  on  account 

'^^     their  great  brightness)  might  rfoinetimes  be  used  with  success.    The  ob- 

■*i'r\-<>d  altitudes  mu<t  be  corrected  for  dip  and  refraction.     The  ]>arallax  and 

"''•^i-diameter  being  small  may  be  neglected,  except  in  cases  where  extreme 

.■ie«*4jra(.y  i^  reqiured.     The  declinati'Mi  of  tL.-  planet  is  to  be  foimd  in  page  IV. 

"^  the  Nautical  Almanac,  fnr  tlie  supposed  lime  at.  Greenwich.     The  daily 

^•*>ri;ition  of  the  time  of  cnming  to  the  miT!di:»n   is  also  to  be  found  in  the 

^^*Tie  page  w  here  the  hour  is  mark«'d  at  intervds  of  6  dnys.  :ind  thus  the  time 

*';'"*pswl  between  the  pasMge  ot' the  plai»»-T  ov-r  the  meridian  on  two  succes- 

*iv«*  Jays  is  found;  then  the  corrected  el:ps"d  time  or  hour  angle  is  obtained 

^y  the  following 

Hi'LE.     A-'i  thf  intcmd  nf  tiiur  ht-twtn  two  xacrrAfh't  passas^cs  of  the  object 

"r>r.r  the  meridian  is  to  -24  hours,  s'j  is  the  apparent  f!t,psid  time  heticeen  the  ob- 

^ Mentions,   t'j  the  rorrtcttd  rlapscd  timt  or  hour  amrlc    Or  more  simply  by 

J^'^^.lns  of  Table  XXXI.   findi'i;:;  the  daily  vaiiation  in  the  time  of  coming 

\^  the  meridian  at  the  lop-^  nnd  the  elapsed  time  at  the  side,  the  corresponti- 

'"S  correction  is  to  he  added  to  the  elapsed  time  when  the  time  of  couung  to 

"ie  meridian  is  earlier  on  successive  diiys,  as  is  generally  the  ease,  but  sub' 

^^oeted  if  later,  the  sum  or  ditference  w  ill  be  the  corrected  elapsed  time  or 

hour  unfile  nearh'. 

^Vith  this  hour  anfrle,  the  dKclination  and  comcled  allitudts,  the  latitude 
^^^y  be  found  by  either  of  the  thrte  rollowing  methods  uf  calculalion. 
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two  minutes,  the  half  sum  of  the  two  altitudes  of  ho  first  ohjcct  may  bo 
taken  for  the  altitude  corr€*spondinc  to  the  time  of  observing  the  second  ahi- 
tude,  and  the  calculation  may  then  be  made  as  in  Furni  V.  Thu9,  suppos(> 
at  lOfa.  2in.  A.M.  per  watch,  the  altitude  of  Si ri us  was  17^  Of,  at  lOh.  4ni. 
per  watch  the  altitude  of  Capella  BO^  43',  and  at  loh.  Om.  ptT  wntrh  tlic 
altitude  of  Sinus  was  a^ain  observed  and  found  to  be  17^  \\\\\  In  this  CMse 
fbeinteiraJs  of  time  are  exactly  two  minutes,  tlieroforc  the  lialf  sum  ofilie 
altitudes  of  Sirius  is  to  be  taken  17^  5(>',  and  combined  with  the  altitude  u\ 
Capella  60^  4j'.  supposin;;  hoW  to  have  been  o)iser\'ed  nt  lOh.  Im.  per  watrli. 
This  is  the  most  simple  form  in  wiiich  an  obfer\-ation  of  this  kind  can  be  made 
by  ooe  obsen'cr. 

If,  from  any  cause  whatever,  the  oliser  vat  ions  cannot  be  t-iken  at  exactly 
equal  intervals,  th<^  altitude  of  the  first  object,  at  tbe  time  ot*c»b.«ervi(i;:  tli<' 
second  object,  mavbe  foutul  by  propnrtirtn.  sn}iposin<;  the  altitudes  to  vjry 
uniformly  diiring  tfic  few  minutes  of  the  ohsi-nation-*.  Thus  in  the  pnTeclin';; 
example,  suppose  th»:  altitudes  and  the  t)vo  first  mited  time<t  t(»  remain  un- 
altered, but  the  last  obscrrvation  of  ^iriu>  to  have  been  at  lOli.  lUm.  ]ter 
watch,  (instead  of  lUh.  G«n.)  In  tliis  case,  durin;;  the  3  minutes  of  time 
elapsed  between  lOh.  2m.  and  lOh.  lOni.  Sirius  would  have  risen  T  (from 
J7^  5^'  to  17^  58').  therefon*,  by  proportion,  it  is  found  tiwt  in  2  mi:rite« 
(the  time  elapsed  between  lOli.  tra,  and  lOh.  4m.)  the  star  would  have  ri.'-eii 
1'.  and  the  altitude  would  have  increased  from  17^  5  4' to  17^  Tij':  therefnrM 
at  the  time  I  Oh.  4m.  per  watch,  tlic  altitude  of  Sirius  must  be  f  iken  at  1 7  -  .».i\ 
the  altitude  of  Capella  60'^  t5',  and  with  th--je  qunntitj'*.^  consid^'red  as  oh* 
sirred  at  this  last  mentioned  ti:ne  lOii.  Itii.  thr;  c:iU:uia'.io:i  nui  ;t  be  innde  r.s 
in  FormV. 

There  are  several  advantages  at  l^Midin;:  these  two  last  Forms  V.  VI.  slin-e  wa 
allowance  w  necessarj*  for  the  change  of  pl;ice  of  the  ship;  the  ob>ervaTl«i..^ 
can  be  immediately  made,  in  a  short  interval  of  Hiir  weather,  when  the  eoiu- 
mon  method  of  double  altitudes  mi^ht  Hiil  from  the  intervention  ofcbuul''; 
the  time  can  also  be  (»btained  at  the  s;im(>  operation,  Slc. 

¥*o&M  \\\.^^Bualtitudt:s  of  ttco  difftrent  objects^  takfn  at  dijftrenl  times. 

This  method  diners  but  very  little  t^rom  the  two  last:  the  altitudes  are  to  be 
corrected  in  the  same  manner  for  dip  and  refraction,  also  for  parallax  and 
«emi-diametcr  when  necessary.    The  rij^ht  ascension  and  declination  of  oich 
ohjcct  is  to  he  found  for  the  supposed  time  of  observing  thai  object  reduced 
fo  the  meridian  of  Greenwich.    Then  the  apparent  elapsed  time  between 
the  observations,  is  to  be  turned  into  sidej^al  time,  which  mav  l>e  done     i 
sufficient  accuracy  as  in  the  Form  II.  by  addin<;  ont  second  for  every  six  minutiif 
of  the  elapsed  time,  the  time  thus  corrected  is  to  be  added  to  the  right  ascen- 
sion of  the  body  first  obsen'ed :  the  difi'ereuce  between  tliis  sum  and  tlie 
ri^ht  ascension  of  the  b(»dy  last  observed  is  t!ie  Aoi/r  c/nir/r.  *     This,  with  t!io 
declinations  and  corrected  altitudes,  are  to  be  used  in  finding  the.  latitude  by 
the  third  of  the  following  methods  of  cnlrulation.  it  being  very  rarely  t!ie 
case  that  the  first  or  second  methods  can  be.  used  on  account  of  the  difler- 
ence  of  the  declinations.     These  three  last  forms,  when  a  fixed  star  or  plrinet 
is  ascd,  are  restricted  vi.'ry  much  from  the  want  of  a  Rood  horixon  in  the 
ni^t;  they  are  be«t  adapted  to  the  morning  and  evening  twilight. 

GEX£RAL  REMARKS. 

Having  tlius  explained  several  of  the  di^lerent  ybriiM  of  making  fhe^e  *ii^- 

Wations,  and  the  manner  of  finding  in  e:u*!i  form  the  hour  a/i£»'/r,  the  diclinn 

'fORtand  thQ  correct  antral  altitttd.  .^,  we  shall  now  give  three  different  methoil»i 

^calculating  the  latitude,  and  shall  illustrnte  the  rule'*  by  projier  exarupN-s. 

w  the^rjf  and  Sfrond  methods  the  deeli:i:jtinn  is  suj)p'»-ied  to  be.  the  satm  ;«l 

r*Vh  observation's,  which  is  true  a^  it  respects  observalions  of  ;«.  fixi'd  stnr, 

*'*d  is  in  general  autficiently  correct  for  common  obsor\ations  of  douMt?  alri- 

'''des  of  the  sun.      The  first  of  these  methods  is  direct  and  simple.   nr»: 

^^barnused  with  much  variety  of  c:ises,  requiring  only  ten  o}»(^nins"«  of  flm 

■■^ble  XXVII.  without  any  halving  or  doubling  of  the  logarithms,  or  the  um- 

If  ThU  dinVren^e  rxefnl  12  liinir*.  sulnmc:  it  from  24  houn.  and  uie  llif  ininiiiiilri  n«  in  'it'^i  !  . 
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uf  natural  or  versed  sines.  This  method  is  in  fiict  nearly,  if  not  fully,  as  sh<»rf 
as  the  second  or  approximativ**  method  invented  by  Mr.  Douwea,  and  which 
was  exclusively  usrd  in  the  former  editions  of  this  work.  This  second,  or 
Douwes'  method,  is  liahlc  to  thi*  objcrctinn,  that  the  calculation  must  some- 
times be  repeated  several  timrs  before  a  true  solution  can  be  obtained,  and 
then  it  becomes  extremely  tnuibies^omr.  This  difficulty  does  not  occur  in 
the  first  method,  and  on  this  account,  as  well  as  for  its  remarkable  simplicity, 
it  is  always  to  he  prefrrred. 

The  third  method  embraces  tlic  p;fn*''**d  solution  of  the  problem  in  tli«* 
ease  where  the  variation  of  derlimtion  is  noticed.  This  increases  the  labour 
consid«^rably,  and  rend*>rs  the  Holutirm  more  complex  in  its  cases.  It  is,  how- 
ever, believed,  that  this  iTKithnd  (dinwn  up  in  its  present  form  by  the  author 
of  this  wnrk)  will  b<'  easily  understood  by  navigators,  and  that  they  will 
liiusbe  enabled  to  determiiitr  the  latitude  with  considerable  accuracy  in  cases 
where,  it  mip;ht  be  of  the  utmost  importance  to  know  it,  and  where  other  me- 
thods coidd  not  be  re:^orte.d  to  tm  iiccoiint  of  bad  weather.  This  method  is 
nearly,  if  not  quite,  as  sliort  as  that  published  by  Dr.  Brinkley  in  the  Nautical 
Almanac  of  lU-id,  and  does  not  require,  like  his  melliod,  a  second  or  third,  or 
even  a  greater  number  i;f  operMtious. 

If  the  observer  should  change  his  place  or  station  during  the  elapsed  time 
between  the  observations,  a  correction  must  be  applied  to  one  of  the  altitudes 
on  this  account.  The  manner  of  doing  this  is  shown  in  the  following  exam- 
ples V.  and  VI. 

It  may  be  observed,  that  in  liki?  manner  as  there  are  two  latitudes  corres- 
ponding to  the  same  meridian  altitude  of  the  sun,  according  as  the  zenith  is 
north  or  south  of  the  sun  uhen  on  tlie  meridian  ;  so  in  double  altitudes  there 
are  generally  two  latitudes,  corresponding  to  the  propos«'d  altitudes,  accord- 
ing as  the  zenith  and  north  pole  are  on  the  same  side  or  on  different  sides  of 
the  rtrc  or  greMfcirt'/c  parfsing  through  the  two  <)bserve.d  bodies,  or  through  the 
two  places  of  the  same  body ;  and  it  then'fore  becomes  necessnr}'  to  notice 
(at  the  time  of  observation)  how  the  zenith  and  north  pole  are  situated 
with  respect  to  this  great  circle. 

To  tsthnate  the  fffict  of  small  trrors  in  the  ohaervations. 

When  running  in  with  the  land,  or  crossing  a  dangerous  parallel  with  iii» 
other  meiins  of  obtciiiiing  the  latitude  than  by  double  altitudes,  it  becomes  a 
matter  of  great  importance  to  ascertain  the  possible  error  of  the  latitude  thu^ 
computed,  arising  from  sup])osed  errors  in  the  observed  altitudes,  or  in 
the  elapsed  time.  The  differential  expressions  in  spherical  trigonometrx 
aflbrd  methods  of  doing  this,  but  they  are  not  adapted  to  the  nature  of  thi^ 
work,  on  account  of  the  complication  and  variety  of  cases.  The  follo'n- 
ing  method,  though  long,  is  gencnd  and  infallible,  and  was  once  used  by  tlie 
writer  in  a  case  of  great  anxiety  and  danger. 

Rule.     After  having  com]mied  the  latitude  b}'  either  of  the  three  follow  - 
ing  methods,  using  the  observed  altitudes*  and  elapsed  time,  repeat  the  opent- 
tion^  varying  the  altitude  you  suspect  may  be  erroneous  by  2,'  or  ST,  (f*"^ 
whatever  you  suppose  the  limit  of  the  error  in  that  altitude  may  be)  the  di^ 
ference  between  this  second  latitude  and  that  first  computed,  is  the  elTect  ^ 
the  supposed  error  in  that  altitude.     If  you  suspect  the  second  altitude  a1 
to  be  erroneous,  tnt-  operation  may  be  again  repeated,  varying  this  sccor 
altitude  2'  or  3'   (or  whatever  the  limit  may  be  supposed)  but  using  the  fii 
observed  altitude  and  elapsed  time,  comparing  this  third  computed  latj^u 
with  ii\c  first,,  the  differenee  is  the  effect  of  this  supposed  error  in  the  «fCi 
altitude.    Finally,  if  the  elapsed  time  is  supposed  to  be  erroneous,  the  o])e 
tion  may  be  again  repeated,  using  the  observed  altitudes  and  varying 
elapsed  time  by  .:u  or  :30  mmo  .ds  (or  whatever  the  limit  of  this  error  may 
supposed)  the  difference  between  th'ia  fourth  latitude  and  tliat^rs^  comput 
is  the  effect  of  this  supposed  error  of  the  elapsed  time. 

Thus,  suppose  the  first  computed  latitude  was  30^,  the  second  30^  1',  t 

^  Mi-aiiinc  Uie  obierrcd  allUude*,  corrected  u  usuU  for  dip,  refractiOQ,  fwrallu  and  traii-dlMMtr 
iicoi»«»av\. 
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t  bird  90^  9^,  the  fourth  90^  2'.  The  error  arising  from  the  first  altitude  would 
he  l'«  that  from  the  second  altitude  3*  and  that  from  the  elapsed  time  ^2\ 
If  aU  these  errors  existed  at  the  same  time,  the  greatest  limit  of  the  error 
Tvoiddbethe  sum  of  these  quantities  or  6',  so  that  the  true  latitude  would  be 
30^  +«'  or  between  29^  54'  and  30^  6'.  In  this  way  the  limit  of  the  error 
maj  be  obtained  in  any  case,  and  the  degree  of  confidence  that  may  he  placed 
in  the  obserration  obtained.  This  examination  is  sometimes  very  necessary, 
beeaise  the  objects  may  be  so  situated,  that  a  small  error  in  the  observations 
nii^t  produce  a  considerable  change  in  the  computed  latitude.  It  may  be 
observed  that  the  error  of  one  obscr^'ation  is  frequently  corrected  in  whole 
•  ir  m  part,  by  the  error  of  the  other ;  the  one  tending  to  increase  the  lati- 
tude, toe  other  to  decrease  it. 

To  find  the  Latitude  by  Double  AUiludiS  of  the  Sun  (or  any  other  object) 

the  declination  being  invariable. 

FIRST  METHOD. 
In  diis  method  the  log-sines,  co-sines,  kc.  of  Table  XXV 11.  are  used. 
and  for  brevity  tlie  word  log.  is  omitted  in  the  rule.  For  the  convenience 
of  writing  down  at  once  in  the  same  line  all  the  logarithms  which  occur  at 
file  same  opening  of  the  book,  they  are  arranged  in  three  columns,  as  in  the 
Ibllowine  formula,  and  it  will  be  very  convenient  to  have  one  of  these  blanks 
prepaKd  at  the  commencement  of  the  operation,  and  then  the  logarithms 
may  be  written  down  in  their  proper  places  with  great  rapidity. 

FORMUI^. 
Col.  1.                                    Col.  2.                          Col.  ». 
Flapieii  time  [p.  .m1  co-sec. 
BecliBatkm tec.  \ co-scc. ' 

A  co-sec.  co-sinc  I co-sine 

i  ana  alti.  co->iiie  co-sec.  j  B  ro-sec. 

!  I  

AdiSalts.  sine  'sec.  (B  i*»«  u«n  90Mik«- 

■  decLN.orS" 

r «iiiic  co-.siiio  I ro-sine 

7  (LcaitliuifiO^tndrthorsoii'JilJSielitfarinn;  ^rr  '  Z 

flfZeflUi.! 

/Em  J««  tf  R,  Z,  of  Jumr  name,  diffcmrr  :  „ 

It  u( diJF^ent  uzn.e.\  "*  **  *»"e 

latitude..  9iRC 


3. 


4. 


Rule.     (Using  Table  XXVII.; 

I.     Find  the  <*lapsed  ti«nc^  in  column  P.  M.  take  out  the  correspondin;; 
'*o.scc:uit  and  put  it  in  t'ol.  t. 

Put  the  secant  of  ihe  d»»o!ination  in  Co'    1,  il«  ro-s'»rant  in  Col.  S. 
The  sum  of  the  logarithms  in  Col.  1,  (rejecting  JO  in  the  index)  is  the 
ant  of  the  angle  A,  whose  co-sine  is  to  be  put  in  Col.  2  and  Col.  S.f 
The  sum  of  the  logarithms  in  Col.  3.  (rejecting  10  in  the  index)  is  tlu; 
^0-«ecant  of  the  angle  B  (less  than  90°)  which  is  to  be  named  north  or  south, 
^^ce  the  declination. 

%•  Find  half  tlic  sum  of  the  two  altitudes;  place  its  co-sinc  in  Col.  1,  its 
r^o-secant  in  Col.  si.  Find  also  half  the  difference  of  the  two  altitudes;  place 
*^  sine  in  Col.  1,  its  secant  in  Col.  £. 

6.  Tbesumofthethreelowerlogarithmsof  Col.  1.  (rejecting  20  in  the  index) 
■»  the  sine  of  the  angle  C.  whose  co-sine  is  to  be  placed  in  Col.  2,  and  Col.  3.f 

7.  The  snm  of  the  logarithms  in  Col.  2.  (rejecting  30  in  the  index)  is  thf 
>*^ciLPt  of  the  senith  angle  Z,  which  is  to  be  taken  out  (less  than  90^)  and 
I>UKed  under  B  in  Col.  3,  naming  it  north  if  the  zenith  and  north  pole  bo 

•  }J«5  '^HT  tlifact  iba.t  the  miu  is  oh^rrrd.  the  vormtof  eiopfed  time  or  k9urmngU.  tuuiid  u  befoit 
%aionft.  It  10  be  wed. 


. «f  A  tnri  O  are  each  written  doirn  tmee.  vlilch  TvdtMM  rhr  nrnnVr  of  l«CTrTt'*'*i-.«  in 

cTi^Umfile  rmm  |7  tM  = 
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situated  on  the  same  side  of  the  arch  or  great  circle  pasung  through  tlie  two 
observed  places  (or  objects),  but  south  if  the  zenith  and  north  pole  be  situated 
on  different  sides  of  that  great  circle.* 

^,  The  angle  E  is  found  by  taking  the  sum  of  the  angles  B,  Z«  if  thei 
arc  of  the  same  name,  or  thdr  difference  if  of  different  names,  markiog  £  nartk 
ijr  south,  like  the  greatest  of  the  two  angles  B  or  Z.f 

9.  Put  the  sine  of  E  in  Col.  S.  and  the  sum  of  the  two  last  written  loga- 
rithms of  Col.  S.  (rejecting  10  in  the  index)  is  the  sine  of  the  latitude,  of  the 
same  name  as  E. 

If  the  time  of  observation  were  required,  it  might  be  found  by  the  follawing 
rule  (still  using  Table  XXVII.) 

Rule. — Add  the  tangent  of  C  to  the  secant  of  E,  the  sum  (rejectii^  10  ir 
the  index)  is  the  tangent  of  an  angle.  Take  out  half  the  corresponding  time 
in  Col.  p.  M.  (or  in  Col.  A.  M.  increased  by  12.  hours)  and  this  wiO  represenl 
the  horary  distance  of  the  object  from  the  meridian,  (upper  or  lower^  at  th< 
middle  time  between  the  two  observations.  Take  the  sum  and  difference 
between  this  and  half  the  elapsed  time,  or  hour  angle,  and  they  will  be  the 
hours  and  minutes  distance  from  the  meridian  corresponding  to  both  ob8er\'a 
lions,  expressed  in  apparent  solar  time  if  the  sun  be  observed,  sidereal  time  J 
a  star  is  obsened,  l^c. 

EXAMPLE  I. 

Being  at  sea  in  latitude  46^  30'  N.  by  account,  when  the  sun's  declina 
lion  was  11^  17'  N.  at  lOh.  2m.  per  wateh,in  the  forenoon,  the  8Ud*8  corrcc 
central  altitude  was  46^  6D^  and  at  lib.  27m.  per  watch,  in  the  forenoon 
the  correct  central  altitude  was  5P  9'.     Required  the  true  latitude? 

Subtracting  lOh.  Siii.  from  llh.  £7m.  gives  the  elapsed  time  Ih.  25in. 

^         Col.  1.  Col.  2.  Col.  3. 

Klap.  time  [p.m.]  lh.25m.  co-sec.  10.73430 
Declination  11^17'N.  ..»cc.      10.00849 


co-aec  10.7085< 

A ' co-sec.  10.74278 

J^  5um  alts.   50  32 co-sinc   9.80320  co-scc.  10. 1 1239  B  1  r^  28'  N.  co-sec.  10.701S< 

sec.       10.00087 
co-sine  9.93907 


i  diff.  alts.      3  37 sine        8.79970 


r 

C sine        9.345b8 


co-sine  9.99278; co-tiiie  9.9927i 


ns  lew  diftii  90*,  nuBCt 
N.orB.likedcd.} 


co-sinc  9.9890: 


Z  [Lew  timn  90O  and  N.  or  S.  like  bearingr  ol"  ,ec.  10.0951 1  Z  36   33  N. 

-»       Zenilb.l  

[E  i«  tnm  of  B,  Z,  If  of  mtiic  name,  differrnct  '  '^  ^^    a-  *,      .               a  Aa...« 

i(  ot  dijirent  numf.]  E18   01  N.  Sine...   9.8711* 

Latitude  46  27 N.  sine...  9.8602( 

If  the  sun  had  passed  the  meridian  to  the  north  of  the  obsener,  Z  would 
4iave  been  '3VP  33  S.  and  E.  25^  5'  S.  whose  sine  9.62730  added  to  cos.  C 
». 98907  J5ive8  the  sine  of  the  latitude  9.61637,  corresponding  to  24^  26'  S. 

In  the  first  case  {in  north  latitude)  the  tangent  of  C  9.35640  added  to  the 
secant  E  10.1746.i  gives  9..')3103,  which,  in  the  tangents,  corresponds  tc 
•ih.  30m.  nearly,  whose  half  Ih.  15m.  is  the  time  of  the  middle  observation 
from  noon ;  adding  and  subtracting  half  the  elapsed  time  4iJm.  30s.  gives  th€ 
times  from  noon  Ih.  57ni.  30s.  and  Oh.  32m.  308.  of  the  observations,  a  smal 
difference  would  be  found  if  the  calculation  had  been  made  to  seconds  instead 
of  the  nearest  minuttr. 

EXAMPLE  II. 

At  sea  in  the  latitude  of  47^  19'  N.  by  account,  when  the  sun*8  declinatJOT 
was  12°  16'  N.  at  lf)h.  24m.  A.  M.  per  watch,  the  sun's  correct  central  alti- 

*  In  obsermiions  of  the  sun  th.-  angle  Z  iitfiy  in  ^piiprai  be  cnlletl  north,  if  th«-  zfnith  l^  nc^th  of  lb* 
Min  wbt^n  on  the  tneridhin  at  it«  grcnte4  nititu<ic.  but  foxtth  \(  tlip  r.enlih  be 'ben  mmiUi  of  tbefuv 
When  tbe  olyect  |NWse«  ibe  mtridian  d<  ar  (be  zenith,  it  may  be  duubiful  whether  It  t«e  nortk  or  «o«ti 
in  wliich  rule  the  latitihle  may  be  cun.put^rl  upon  bulb  sunpusitiow,  and  Uiot  one  sdccted^hicb  apve 
Wkt  witb  the  e^iimatrd  place  of  the  aliip,  and  ihi*  extra  labour  \s  very  small.  Dut  obMrvutaos  un  ai 
ulilect  pasffbig  near  .be  xenilb,  are  lial>le  to  ^reat  cimrs ami  had  better  be  rejected.  ^__^ 

"♦  Thiti  cane  it  easily  remembcpwl,  becnu«o  *  is  tl>r  first  letter  of  *niiie  ami  f«w,  and  d  the  fnt  letter  o 
dfjf'crrnt  nnd  diftrtnif. 
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«Mle  was  4009',  at  Ih.  14m.  P.  M.  per  watch,  his  correct  centra]  altitude  was 
\o  bsr.    Required  the  latitude  ? 

SubCnctiiig  lOh.  24ni.  from  Ih.  14m.  increased  by  ISh.  leaves  the  elapsed 
'~   Sh.  Mm. 

Col.  1.  Col.  2.  Col.  3. 

[p.m.]  a.50iii.  co-sec.  10.44077 

co-sec.  0.6727)& 


tkm  IS^l^N.  ..sec      10.01003 


A co-sec.  10.45080* 


alCs.50  34 co-sine  9.80^co-sec.  10.11218 


diCalls.     1  S5 
C 


sine 
sine 


8.39310 


Z  (U»  dnn  96*  and  N.  or  8.  Uke  bmriog  of 
/CisiHMorB^Z.  if  of  Mme  nsmr,  ^i^ertncs 


co-sine  9.97037; co-sine  9.9*087 


B  19^08"  N.  co-sec.  10.64359 


sec.       10.00013 


8.64680  co-sine  9.99959 


sec.      10.08276 


Z34   16  N. 


[B  len  than  90^,  named 
N.orS.lilMdecl.] 

. .  co-sine  9.99953 


£47  24  N. sine . . .  9.86694 

Latitude  47  20  N. sine...  9.8665iK 

If  the  sun  had  passed  the  meridian  to  tlie  north  of  the  observer,  Z  would 

*>«ve  Keen  54^  16  S.  E.  21^  08'  S.  its  sine  9.55695  added  to  cos.  C  9.9995& 

0.55658t  the  sine  of  the  latitude  21^  7'  S. 


If  tlie  observed  object  in  this  example  had  been  a  fixed  star,  with  t)ie  same 
^cclinatiDn  1£0  16'  N.  the  same  altitudes  49^  9',  51^  59',  but  the  el^ised 
l^^ie  th.  40m.  SSs.,  tlie  calculation  would  have  been  exactly  as  above.  For 
"T  ttddinc,  according  to  the  rule  heretofore  given,  one  second  for  every  six 
^^'^misM  of  elapsed  time,  which  in  this  case  would  be  28  seconds,  the  corrected 
^'M^Bed  time  would  be  3h.  50m.  and  every  part  of  the  work  would  be  as  above. 

XC ihit  ^met  Mars  had  been  observed,  at  the  same  corrected  altitudes,  on 
^^  IMh  June,  1820,  in  a  place  where  his  declination  at  the  middle  time  be- 
^2^[|^eD  the  two  observations  was,  by  the  Nautical  Almanac,  12^  16'  N.  and 
H^^  «lapeed  time  2h.  49m.  46s.  the  calculation  would  still  be  the  same.  For, 
°y  thit  Nantical  Almanac,  it  appears  that  Mars  passes  the  meridian  on  the 
^^^li  and  fl5th  of  June,  at  4h.  21m.  and  4h.  9m.  accelerating  2  minutes  per 
?*^:r-  Tliis  bcbg  less  than  the  numbers  in  Table  XXXI.  is  to  be  doubled  (as 
^  Oote  to  Form  III.)  and  the  elapsed  time  being  found  at  the  side,  the  corres* 
Ppodmg  correction  28"  halved  and  added  to  the  elapsed  time  2h.  49m.  46s. 
g^"«»  the  hour  angle  2h.  50m.  to  be  used  as  above,  all  the  work  being  the  same. 
^■■oceed  in  like  manner  if  the  moon  was  obser>ed  at  a  time  when  the  dedina- 
*»'>n  raries  but  little. 

EXAMPLE  III. 

ficiiK  at  sea,  in  latitude  50^  40'  N.  by  account,  when  the  sun*s  declination 
^■^^^  tooo'  S-  at  lOh.  I7m.  A.  M.  per  watch,  the  sun's  correct  central  altitude 
^^sliMffldto  be  17<>  IS*,  at  lib.  17m.  per  watch,  the  correct  central  altitude 
^*a  found  to  be  190  41'.     Required  the  latitude  ? 

Subtracting  lOh.  17m.  from  lib.  17m.  gives  the  elapsed  time  lb. 


COL.   1. 
£^.tL[p.ii.]lh.Om.    co-sec.  10.88430: 
''^lintkm  80^  O'  S.      sec.  . .  10.0270li 


I        CoL.  2. 


A co-scc.  10.91]  31  co-sine  9.9%70 

i«iaiil(i.l8   27  ...  co-siue  9.97708'co-s€c.  10.49966 

i 

idle  aha.    1    14....  sine..    8.33292|8cc.  ..  10.00010 


C sine..    9.22l3i;co-9inc     9.99390 


^lUvihaaSO*  Md  K.  or  8. like  beariDglsec  .•     10.49036 
•rZcBilk.1  ■!  _«__^ 

2£^y  B,  Z,  «r  ««nc  name,  dijinnaoi 


CoL.  3. 


co-sec.  10.4659J 
co-sine  9.9%70 


B20-10'S.  co-scc.  10.46265 


[6  lets  than  90*  namrfl 
M.  or8.1ikcdtT.| 

...co-sine   9.99390 


Z  71      8  N. 


£50    58  N.sine..  9.89030 


LatitddedO   00  N.sine..  9.8SI20 
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If  the  sun  had  passed  the  meridian  tp  the  north  of  Ihc  observer,  Z  'v^^cuM 
have  be»^n  7lC>  Oil'  S.  and  E   91^  IR'  S.  whoso  bine  9.99989  added  to  9.9  8»9 
gives  the  sine  of  the  latitude  9.'.>n87y.  corresponding  to  80^  20'  S. 

EXAMPLE  IV. 

Being  at  sea  in  the  latitude  of  60O  O'  N.  by  account,  when  the  sun  was  oa 
the  equator  (or  had  no  diTlination)  at  Ih.  Om.  P.  M.  per  watch,  Us  tomd 
<•*  ntral  altitude  was  i2»o  53',  and  at  3h.  Om.  P.  M.  per  watch,  the  correct  cen- 
tral altitude  was  iO^  4^1'.     Required  the  true  latitude  ? 

Col.  1.  Col.  2. 

Flfio.  time  [p.  m.J  2h.  Om.  ro-sec.  10.59700 
l>cclination  0 sec.  10.00000 


I 


co-sinc    9.9S494 


A 30^    0'   co-scc.  10.58700 

ibum.  aUs.   ..  24    47^  co-sine    9.95801  co-9CC.  10.37745 

idiff.  alts.  ...    4      S.Jrine..    8.85340 sec.  ..  10.00110 

co-sinc  9.98594 


C sine  ..    9.39941 


10.34943 


Col.  3. 

[co-«ee.  hfutt-^ 
[co-«ne9.9849*^ 


B  0^  O'    (co-sec.  J^/bdr. 


IB  lets  than  90*  nuBcd  M.  or 

like  dec] 

9. 


co-flme 


Z  630  26'  N. 


£  63   26  N.  use    9.95154 


/  \tt99  tban  ^^^  and  N.  orS.  like  bearing  or;Src.  . 

/Kiiith.] 
[K  i«  lum  of  n«  Z,  if  of  tame  oanic,  dlffcnna , 

of di^.  name)  ^-«^^  ^ 

Latitude  59    59  N.  sine    9.9374S  < 
The  calculations  would  have  l>een  the  tfame  for  south  latitude,  which  would  J 
he  r)9<^  59'  S.   The  computation  of  A  and  B  might  have  been  diflpcnaed  with,  - 
for  when  the  declination  is   nothing,   B  is  nothing,  and  A  is  equal  to  the 
elapsed  time  Sh.  turned  into  d(*greej;  b}'  Table  XXI.  being  in  this  example  SO^ ; 
in  this  case  all  the  terms  included  between  the  brackets  [  ]  micht  be  omitted. 
In  the  preceding  examples  both  altitudes  were  supposed  to  be  taken  at  the 
same  place  or  station ;  but  as  th<it  is  seldom  the  case  at  sea,  the  necessary " 
correction  for  any  change  of  place  must  be  made  in  th»'  followiiig  manner. 

Let  the  bearing  of  the  sun  be  observed  by  the  compass  at  the  instant  of  the 
first  observation ;  take  the  nimiber  of  points  between  that  bearing  and  the 
ship's  course,  corrected  for  lee- way,  if  she  makes  any ;  with  which,  if  less 
than  eight,  or  with  what  it  wants  of  16  points,  if  more  than  eight,  enter  the 
traverse  table,  and  take  out  the  diflference  of  latitude  corresponding  to  tiie 
diFt«ince  run  between  the  obsen'ations.     .4^Wthis  difference  of  la titade  to  (he 

1 

first  altitude,  if  the  number  of  points  between  thesun*3  bearing  and  the  ship's 
rourse  were  less  than  eight :  but  suhtrcct  the  difference  of  latitude  from  the 
ilrst  altitude,  if  the  nimiber  of  points  were  more  than  eight,  and  that  altitude 
will  be  n^uced  to  what  it  would  have  been  if  obsened  at  the  same  place 
whei*ethe  second  was.*  This  corrected  altitude  is  to  be  used  with  the  second 
observed  altitude  in  finding  the  latitude  by  the  above  rule.  The  latitude  re- 
sulting;, will  be  that  of  the  ship  at  the  time  of  taking  the  second  altitude,  and 
must  be  reduced  to  noon  by  means  of  the  log. 

EXAMPLE  V. 

In  a  ship  running  N.  by  E.  i  E.  ])er  compass,  at  the  rate  of  9  knots  per 
hour,  at  lOh.  Om.  A.  M.  per  watch,  the  sun*s  correct  central  altitude  was 
found  to  be  13^  Vo  bearing  S.  |  E  by  compass,  and  at  Ih.  40m.  P.  M.  per 
watch,  the  sun*s  central  altitude  was  found  to  be  14^  15',  the  latitude  by  ac- 
count being  49^  17'  N.  and  the  sun's  declination  S3^  2S'  S.  Required  the 
tnie  latitude?        

*  This  is  the  ouly  currcciimi  necesnary  to  niahc  full  allowance  for  the  run  of  the  ship;  and  Ibe 
unexperienced  caicnlalor  must  tahe  care  not  to  fail  tnto  the  error  of  opplyinir  a  oorrectiuii  to  the 
th^pMd  time,  as  m  directed  in  ncveral  worko  of  note,  particularlT  in  tite  **  Cav^tU  NavigMmri*  bf  Dr. 
Maclui\.  This  will  app*ar  evi«{ent  by  supposing;  in  the  nbove  Kxaniplc  V.  that  a  Fecund  observer,  with 
.1  watch  reeulHteil  exactly  like  Ibat  used  liy  the  fir-tt^  wa*  at  rest  at  ibe  i>lacf>  »f  the  second  obscrvatifnn. 
Then  at  the  firf  t  ubserratlmi  ol  the  unne  mommC  of  time  by  (of  A  vatehta,  the  first  observer  wouM  find  the 
min's  altitude  13<*  1 8',  and  die  second  observer  IS**  40'.  At  the  seomd  olnrrvatiiiD  the  times  ami  afcinide^ 
would  be  a/tite,  so  that  the  elapsed  time  funnd  tiy  both  observers  would  be  tlie  Mmc,  md  the  obacrvailrtni 
would  require  no  correction,  except  what  nrises  fmm  reduciDf;  the  altitude  from  13*  I  IT  tu  13^  49'.  bcvau:* 
•far  scC(?nfl  obfwver  is  *«ijipo«?d  w  be  at  r?>»j  aud  bis  ob$?r'.'jMoM  fi^ijircs  \in  "g-7rr%'v-liv.u. 


TOFINDTHELATITI  DKB\  DOIBLK  ALTITI  DKS.  I.i? 


The  correction  to  the  first  aldtudt. 
The  timeelapsed  between  tlie  observations  was  ;5li.  40in.  anil  in  lliat  tiinf 
be  ship  sailed  dS  miles  upon  the  course  N.  by  }^.  i  H.  which  makes  an  angle 
>f  1^4  pointB  with  the  sun^s  bearing  at  tlic  first  observation  S.  ^  E.  the  cum- 


Idj  points  with  the  sun's  bearing 
^lemeot  of  which  to  16  points  is  S^  points.  Now  in  Table  I.  tlie  course  £.^ 
~*  '  and  distance  SSm.  give  29  miles  difference  of  latitude,  which  must  be 
Ikom  the  first  altitude  13^  18'  because  the  ship  sailed  above  & 
from  the  sun ;  therefore  the  first  altitude  corrected  will  be  12^  49', 
'i^hkh  must  be  used  in  the  rest  of  the  work. 


Col.  1. 

(p.m.]  3h.  40m.  co-sec.  10.33559 
i3P9&S.    sec.  . .  10.03749 


Col.  2. 


Col.  3. 


A co-tec.  10.37308 

Jk  flmalti.      13    38  ...  co.sine  9.98777 


, co.sec.  10.399SS 

co-sine   9.95704 co-siiie   9.95704 

co-scc.  10.63076,8  26^  OS'S,  co-sec.  10.35692 


Si  tf  ths.        0   43  ...  sine. 

v.«*»a. ••••••  •••.*■  SlQfi  •  •     0.499UO 

2  lUm  An  »•  aod  K.  or  8.  like  heuing  of 
ScahlLj 
(Ci»  tmm  oi  B,  Z,  If  of  mom  nmme,  difftrtnce  if 
of  d^/Bamrf  name.] 


8.09718*9ec.  ..  10.00003; 


[U  Ies>  thiin  00*  ond  named 
I               N.  or  S.  like  declioation.) 
co-sine  9.99986! co-ime   9.99982 

Z  sec.  10.5S765!Z  75    01  N. 


£48 
Latitude     48 


56  N.  sinc..9.S7734 
54  N.  sine..  9.87716 


If  the  SUD  had  passed  the  meridian  to  the  north  of  the  observer,  Z  would 
^▼«  been  75^  01  S.  and  £  101<^  06'  S.  whose  sine  9.991  GO  added  to  9.9998£ 
tfv^a  the  ane  of  the  latitude  9.99162  corresponding  to  78^  47'  S. 

EXAMPLE  VI. 

SaiUqg  N-  E.  k  £•  by  compass,  at  the  rate  of  9  knots  an  hour,  at  Oh.  Sr  40'' 

^*  Bf.  per  watch,  the  altitude  of  the  sun's  lower  limb,  was  28*^  20'  aboie 

^^  boraoa  of  the  sea,  the  eye  being  elevated  20  feet  above  the  surface  of 

fl^  water,  and  the  sun^s  bearing  by  compass  S.  by  W.  and  at  2h.  58m.  20s. 

^-  Bf.  bj  watch,  the  altitude  of  the  sun*s  lower  limb  was  16^  41'  above  the 

^riaoDt  the  eye  being  elevated  as  before,  the  latitude  b}'  account,  at  the  time 

^  the  last  obsenratjon,  48^  0'  north,  and  the  declination  Id^  17'  south.    Re- 

^F^red  the  true  latitude  at  taking  the  last  observation ? 

Tlie  correction  of  these  altitudes  for  semi-diameter,  parallax  and  dip,  was 

\%  milea  additife,  which  makes  them  28^  32'  and  16<^  53';  the  refraction 

correspondinir  to  the  first  was  2  miles,  and  for  the  second  3  miles,  by  sub- 

tractiii^  whim  we  have  the  true  central  altitudes  28^  30'  and  16^  50'.    Now 

the  elmed  time  between  the  observations  was  2h.  2Gm.  40s.  during  whii'h 

the  dup  sailed  S2  miles  (at  9  miles  per  hour)  in  the  direction  of  N.  E.  l^  E. 

per  ennpaSB,  the  bearing  of  the  sun  at  the  first  observation  S.  by  W.  being 

14  poiiiis  dbtant  from  the  ship's  course,  and  as  12^  points  want  3^  of  16 

P^Hnti,  I  enter  Table  I.  and  find  the  course  3^  points  and  distance  22,  corres- 

poodiagto  which  in  the  latitude  column  is  17  miles,  which  Kubtracted  from 

Ae  Unt  altitude  28<^  30'  leaves  the  corrected  fin>t  ahitude  28^  13';  with  this 

ttid  the  second  altitude  16^  50^,  I  calculate  the  latitude  in  the  following  manner : 

Col.  1.  I        Col.  2.       >  Col.  3. 


HBcSmMim 


ti  [r.ji.]  Sh.  26^  40"  co-sec.  10.50232 
13°17'S.    «cc.  ..10.01178 


I 


co.sine  9.97S61 


A co-sec.  10.51410 

Ittaalts.     S2    31i   ..co-8ine  9.96553 co-scc.  10.41670 
l^dts.       6    4I3I  ..tine        8.99643 sec.       10.00215 

C sine       9.47603  co-sine  9.97962 


co-scc.  10.63S71 

co-sinc   9.97S61 

B  13-  58'  S.  co-sec.  10.6173-2 

IB  lei»  tbsn  90",  ami  D.-iiuetl 
N.  or  S.  like  decL] 

co-siae  9.97962 


Z65   11  N. 


2^lk«B90<*,  and  N.  or8.Ukeb6uiDff  •f|Z  sec.  10.37708 

IB  hiMor  B, ZfirofMne  nune,  tfi^irtnci  if 
«r4|f.Mnc]  LalHude    48  03  N.  sine       9.87145 


I 


£61    13  N.sinc       9.89183 


^  the  sun  had  passed  the  meridian  to  the  north  of  tlie  observer,  Z  would 
■*^ebeen  65®  ir  S.  and  E  79°  09'  S.  whose  sine  9.99217  added  to  co-sino 
'^  C  9.9796^  Fives  tlic  sine  of  the  latitude  9.97179,  correspondinfi  to  OlP  3 1'  S. 

t; 
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EXAMPLE  Vlh^ Same  as  Dr.  BrtnWey'f  Nautieai  Almanac  for  18 
The  latitude  by  account  6°  30'  N.  sun's  declination  5^  80'  N.  the  i 
rorrect  central  altitudes  were  found  to  be  85°  tl'  and  70^  01',  with  an  ela] 
time  between  the  observations  of  ah.  80'.  Required  the  latitude,  the 
passing  the  meridian  sO;Uth  of  the  observer  ? 


Elap.  time  [r.u.]  9b.  20m.  co-sec.  10.52186 
Declination    5^  SO'  N.     sec.  ..  10.00200 


A co-sec.  l0.523S6co-ilne   9.97962 


i  sum  alts.  52    41  ....  co-sine  9.78263 
^  difr.  alts.    17    20  ....  sine  ..    9.47411 


C sine..   9.78060 co-sinc   9.90170 


cd-sec.  10.09947 
sec.  ..  10.02018 


co-fec.11.0 

co-sin^  ^^ 

B  50  46^  N.  co-sec.  10,S 

[BlMstihaaSO*,! 
N.«r8.lilM 


co-sioe  9.9 

Z   3  SON. 

E  9  36N.riiie.*  M 


Z  [Levi  than  VT,  and  N.  or  8.  Uke  bearioff  of  Z  sec.  10.00097 
Zenith.] 
[K  Li  sum  of  B,  ZJf  of  «aau  name,  <I»^%rai«c  I! 

ordt^.nnme.]  Latitude       7  38N.iiiie..    9.1 

If  the  Sun  had  passed  to  the  meridian  north  of  the  observer,  Z  woldd  I 
been  S^  50'  S.  and  E=l^  56'  N.  whose  sine  8.52810  added  to  the  co-sh 
C;  9.90170  is  8.42980,  which  is  the  sine  of  the  other  latitude  1^  W  N«  so 
in  this  example  both  latitudes  are  north. 

SECOND  METHOD 
of  finding  the  latitude  by  doubU  altitudes  of  the  «tm,  when  the  variaiio 

declination  is  neglected. 

This  method  of  finding;  the  latitude  depends  on  a  set  of  tables,  nui 
XXIIl.  in  this  collection,  first  prepared  by  Mr.  Douwes,  containhuE  t 
logarithms  titled  Half  Elapsed  time.  Middle  time,  and  Log.  rinng.  The 
former  are  arranged  together  as  far  as  six  hours,  the  latter  is  pteofMl  at 
end  of  the  table,  and  is  extended  in  the  present  edition  as  far  as  It  he 
The  table  with  the  proper  title  must  be  entered  at  the  top  with  the  hoiir«  a1 
side  with  the  minute,  and  in  the  colunm  marked  at  the  top  wiUi  the  seeo 
the  corresponding  number  will  be  the  sought  logarithm,  to  which  mut 
prefixed  the  index  of  the  log.  under  0"  in  the  same  horizontal  Rne.  1 
to  the  time  3h.  52'  lO''  correspond  the  log.  half-elapsed  time  0.07138, 
middle  time  5.22965,  and  log.  rising  4.67274.  In  general  it  willbesufBd 
ly  exact  to  take  these  logarithms  to  the  nearest  10  seconds,  particul 
when  the  sun*s  zenith  distance  is  great ;  but  if  the  log.  to  the  nearest  se< 
is  required,  it  may  he  found  by  talcing  the  difierence  of  the  tabubir  logarit 
corresponding  to  the  next  greater  and  next  less  time,  and  saying  as  10*^ 
that  difierence,  so  arc  the  odd  seconds  of  time  to  the  correctiOD  of  the 
tabular  logarithm,  additive,  if  increasing,  subtractive,  if  decreasing.  Th 
the  log.  i  El.  time  corresponding  to  3h.  52'  18"  were  required:  the  logs, 
responding  to  3h.  52'  10'^  and  3h.  52'  20"  arc  0.07138  and  0.07119,  wl 
difierence  is  19,  then  10" :  19  ::  8"  :  15.^This  subtracted  from  0.07138  le 
0.07123,  the  sought  logarithm.  By  inverting  the  process  we  may  find 
nearest  secoiid  corresponding  to  any  given  logarithm.  We  shall  now 
the  rule  for  calculating  the  latitude  adapted  to  double  altitudes  of  the  su 

RULE. 

To  the  log.  secant  of  the  latitude  by  account  (Table  XXVH.)  add  the 
secant  of  the  sun*s  declination  (Tciblc  XXVH.)  rejecting  10  in  each  in 
the  sum  is  to  be  called  the  log.  ratio. 

From  the  natural  sine  of  the  greatest  altitude  (Table  XXIV.)  subtrad 
natural  sine  of  the  least  ahitudc  (Table  XXIV.)  find  the  logarithm*  of  t 
difference  (in  Tal)|e  XXVI.)  and  place  it  under  the  log.  ratio.     . 

Subtract  the  time  of  taking  the  first  observation  from  the  time  of  ta 
the  second,  having  previously  increased  the  latter  by.  12  hours  when  the 
serrations  are  on  different  sides  of  noon  by  the  watch ;  take  half  the  res 
der,  which  call  half  the  elapsed  thne. 

With  half  the  elapsed  time  enter  Table  XXIIL  and  from  the  colum 
half  elapsed  time  take  out  the  logarithm  answering  thereto,  and  write  it 
<lcr  the  log,  ratio. 

~  *  Tbe  Indvx  oi  iU»  Ingaiiihm  being  as  luoai  mw  Irts  iten  ibe  ntunber  oT  tgnrnTcemmlnifa  'i 
iliflRnMce  of  iIm»c  natural  fine*.  Yon  mmt  alio  obtmr  cbat  the  altitudes  to  ba  wrd  are  t|ie  c 
i?jjlnil  altitudes :  lint  Ls  tb«  ob»on'«l  altlmdcs  cffrrecled  for  (!?is  »cnu-(llamftfi<))^ni]tixlin?lfvrn 
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AddtluHlhKelogaritllimtogether.BiidwitiitliciriumeiilerTable  XXIII. 

£  «i  Uie  columu  of  middle  Uine.  where,  rinvlng  found  Ilit;  loearithin  nearest 

-^L-berdo,  take  out  Ibe  time  corresponding,  and  put  ituiidtr  hs>[(  the  elapwd 

^ime>     The  difference  between  these  timet  ivill  be  the  time  Trom  noon  nUeii 

«bc  gnater  altitude  was  taken. 

Vritb  thb  time  enter  Table  XXlll.  and  from  the  column  of  Ing.  rising, 
^six  cut  tbe  logaritlun  corresponding,  fruui  which  lagurilhm  subtract  tlie 
^og.  ratM,  the  remaioder  will  be  tbe  l-igarilbm  of  a  natural  number,  which 
Xfvng  found  b  Table  XXVI.*  and  added  to  tbe  nalur.-il  sine  of  tbe  greater 
^BltJIude.  will  give  tile  natural  co-«inc  of  the  sun's  meridian  xcnilb  distanc*, 
^Lkb  may  be  found  in  TuUe  XXIV.  Hence  the  latitiide  mny  he  obtaineil 
ft>J  Ibc  rules  of  page  ISl. 

NOTES. 
1.  tflbiacaiiiputedlatiludesliouliJitiScrconiiderablrfnnnthclDUluiIcbyarrounl,  ilwill 
%M|fi)pCTl*repe9t  Uie  operation,  luingtbe  latitude  lutfoundinitciid  of  the  lolltuile  bj  ne- 
OHBI|  SD  (be  recuti  giiea  alilHude  aeu^ j  it;reeiQg  with  (be  ialitudc  uicd  in  )hc  conipuliition. 

rr&  lUi  oetiiod  [9  but  suited  to  liluilioaa  where  the  nin's  meridiun  zcnilb  diilanoc 
wtU  Bucb  leu  tban  btlT  tbe  latitude  ;  for  in  latiludei  where  tbe  Hin  approacbea  neu 
piki  MaiAi  tbe  obHrratioiu  miut  be  likkrn  much  nearer  to  noon  ;  and  Ibe  preceding 
Be,  hutnad  of  approii mating,  will  in  Hme  caaea  gttc  the  reiulls  of  Murceffiite  opera- 
■M,  wider  and  wider  from  the  truth.  To  reinedr  Ibis  diffit'ullf ,  ■  set  of  UWei  wu 
iMibedbrDr.  BrinUej,  ■(  the  end  of  the  Nnutiral  AbBanac  for  1T9>J|  but  the  great 
Wii^  of  eaaea  inndeulta  his  method  will  hinder  it  from  being  generallj  uted.  Instead 
■tDr.  Brinklej'i  mclhad,  we  nn;  generallT  use  thv  method  of  arilhmelieal  computa- 
Sm,  odcd  DaiMt  Ponlitm,  which  will  frequeDllj  gire,  m  a  more  lunple  manner,  Ibe  TC>. 
fnii  hfitnde,  ■>  will  be  shown  in  Kiample  X.  and  in  ^leroJ  it  ma;  be  obaerred,  Om 
*tm  Dmwci'  rule  does  not  approiiniale,  the  object  i*  most  commonly  so  situaled,  as 
Mtofonusli  the  Dcceasury  observationi  to  obtain  a  correct  latitude,  wbitCTCT  method  of 
''"npnilimi  ndgbt  be  used. 

*■  TV  •penlioo  is  the  same  whelher  the  sun  has  oorlh  or  loulh  declinalien ;  and 
■""tdblrlbesh^is  in  north  or  south  latitude.  Wben  (be  sun  has  no  duclinalion.the 
{■r  MUt  af  Ibe  latitude  (rejecting  1 0  in  tbe  index)  will  be  the  log.  ratio:  sod  wben  Ibe 
bUM(  bj  accoont  is  DOthing,  the  secant  of  tbe  declination  ([e;eeting  10  in  Ibe  index) 
^Mlhc  lof.  ratio.  This  rule,  as  «ellas  tbe  former,  is  founded  on  tbe  wniositian  that 
UidtdiaatloDis  taken  for  themiddle  time  between  tbe  obacrvations,  and  that  it  Joes  not 
''TAuttigfte  et^BCd  time,  which,  however,  rarely  happens,  and  a  correction  oi^hl  to 
^  *tfUad  lo  Iba  latitude  on  this  account,  but  Ibis  eorreclion  is  genetallv  smalljand  if  it 
''bije,  (be  lUrdnKlbod  must  be  used,  or  tbe  new  method  in  tbe  Appendix  of  this  work. 
EXAMPLE  Vni.^ Sanu at  Eiampk  I.  pTtcailng. J 
Beinn  at  tea  in  latitude  46^  30'  N-  by  account,  when  the  sun's  declination 
*••  11^  17'  N.  at  lUh.  fim.  in  the  forenoon,  the  sun's  correct  central  altitude 
*»i480  M',  and  at  llh.  S7m.  in  the  forenoon,  his  correct  centra)  allilude 
*>•  M°  ^.  Required  the  true  latitude,  and  true  time  of  the  day  wheu  the 
peUff  Altitude  was  taken  ?  ' 

■.  M.  i.        All.  NaLSL     LaLbyaec 46''  SC  Sec.  0.16319 

Itt*.  1137    <i    S4°    f  S10G5      Dec. It     17  Sec.  D.OO84B 

Ilk.  to    S    0    16    6S  73036      Lofrtalio 0.17067 

'On.Sae       1  !5    0    DICNatSinea    8019     Log.  DIE  Nat  Shiea 3.9<Mli 

{Oq-dme    D  42  30  Log.  1  Ela^ time 0.7S4»  . 

UiddletlmG       .        1  is'io                                             4.80908 
i  Sitf.  lime  4!  SO  

S  Ob*,  from  noon         0  33  40    lis  log.  risins  3.00608 

Log.  mtio  nib.  0.17D6T 

Nat.  munb.  685  corresponding  to  tog.      3.93541 

Nat  sine  gtcalesi  all,  SlOiS 

.co.<inc0'sien.diBt  81740  equal  to35°  lO*  N- 
0'a  declitutioo 11     17  N. 

.  Latitude  in .46    87  N. 

'  Suh  a'ssosl  ■  BiBBtwi  at  Sgiirn  T^iM  m  Uw  iHin  M 
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The  latitude  46^  ^7'  ilififering  only  S'  from  the  latitude  by  aeccMmt,  may 
he  assumed  as  the  tnie  latitude. 

By  moans  uf  ihe  time  of  the  second  ohservation  from  noon  above  foond 
fiZ'  A0'\  the  error  of  the  watch  may  he  found;  for  m'  the  present  example, 
hy  suhtractins;  32'  40"  from  12h.  wc  have  the  time  of  the  second  observm- 
tion  llh:  27'  SO";  hut  the  time  of  the  watch  was  lib.  it  0";  therefore  the 
watch  was  £0  seconds  too  slow ;  a  small  difference  would  be  found  In  the^ 
numhers,  if  we  were  to  proportion  the  logarithms  of  Tab.  XXIII*  to  se^ 
<*onds.  In  the  same  manner  the  error  of  the  watch  may  be  foand  lA  th« 
folio  wing  examples.* 

EXAMPLE  IX. — (Same  as  Example  V,  before  given,) 

In  tills  example  the  latitude  by  account  was  49^  17'  N.  The  8un*8  decli- 
Tintion  'Z.S^  38'  S.  The  first  altitude  corrected  as  before  taught  ISO  ^f,  the 
second  altitude  14^  15'.    From  which  the  true  latitude  is  required! 

II.  M.   s.  Alt.      Nat.  Si.  Lat  by  ace.  49-  17'       Sec  <l.l9fio4 

•2  Obscr.         13  40    0        14- 15'=24M5    DeclinaUon  23    28        860.0.03749 

1  Obser.         10    0    0        12    49  =-22183  " 


Klap.  time 


Log.  ratio • 0.98)05 

340    0  Dlflf.  nat.  si.    2432    lU.  log. 2.36596 


a  Klnp.  time     1  50    0 


Its  log. 


0  10  10  Time  corrc3pondiii;i;  tu 


1  .'>9  .'iO   Its  log.  in  col.  of  rising  is 


Lo;;.  ratio 


0.33559 

3.9445$ 

3.970M 
O.SI303 


5588 
S4b]5 


Nat  number  of 


lof:  8w7472o 


Nat.  co-sinc  C's  mcr.  zcn.  dist.  30203  =  72^  25'  N. 
Peclination   23    28  S. 


LaUtudc 48    57  N. 

But  as  the  latitude  hy  computation  differs  considerahly  from  that  hj  aif» 

count,  the  work  must  be  repeated. 

Lat.  last  fbund        48^  57'     See.  0.18262 
DecUnation  S3    88      Sec  0.01749 


i  Elapfcd  time 
Middle  time 

II.  »r.    s. 
1    50    0 
0    10    0 

Log.  ratio 

DilT.  N.  sme  2432 


0.88011 

its  log.    S.38696 
Itsloi.    0-SS659 


Time  from  noon     1    40    0 


Its  log. 


3.94166 


Its  log.  in  col.  of  rising .......       3.97170 

Lo'c.  ratio 0.88911 


rtfA4  Nat  number  of 
24615 


log. 


30259  Nat.  cos.  raer.  cen.^i8taDce 78^  83'  K. 

Declination  83     88   8. 


True  latitude 43     55  N 

This  Intitudc,  differing  only  two  miles  from  that  used  in  the  computati 
may  he  depended  upon  as  the  true  latitude  of  the  ship  at  the  time  of  the 
cond  ohservation.     If  the  first  altitude  had  not  been  corrected,  the  compix' 
latitude  would  have  been  found =48^  40'  N. 

*  When  the  middle  Umc  is  greater  than  half  the  lapsed  time,  both  otMerralions  are  on  tt»  aaai^ 
of  the  mnridian ;  otherwise,  hn  dIfRerent  tides ;  whence  it  is  easy  to  determine  whether  ihe 
tiirte  be  observed  brfdre  or  afief  noon. 
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EXAMPLE  X.'^Same  a$  Example  VIL  before  given,) 

The  ktitude  by  account  6^  30'  N.  sun*s  declination  5^  30'  N.  the  sun's 
rdmct  centrd  aftitudes  35^  21'  and  70^  Ol',  elapsed  time  Sh.  20'  are  given 
fo  find  the  tnie  latitude. 


Lat9.      Errors.    Products.  4 

6°  SO'  X  106  =  876^  16' 
8    16    X     66  =  429    00 


latftude 
the 

used  for  a  third  operation,  and  by  repeating  the  calculation  accurately  to  se- 
conds, it  will  reauire  more  than  a  dozen  operations  to  obtain,  the  true  lati- 
tude 7^  SS',  which  was  found  by  the  first  method  by  a  single  operation. 
Br.  Brinkley  made  the  latitude  7^  SO'  differing  8'  from  a  strict  calculation 
hj  flnbericel  trigonometry.    The  detail  of  this  calculation  is  not  here  given, 
^ut  0  left  to  exercise  the  learner.    The  object  of  the  present  example  is  to 
9he#  haw  the  number  of  operations  might  be  decreased  by  the  arithmetical 
tnethod  of  doMe  position  before  mentioned. 
Take  the  error  or  difference  between  the 
firstassumed  latitude  6^  30'  and  the  first  com- 
puted btkude  8^  16'  equal  to  106' ;  also  the 
^>T9r  or  difference  between  the  second  as- 
sumed latitude  8^  16'  and  second  computed 172     )1305    16(7Q35 

l^titode  7^  10'  which  is  66'.      Multiply  them  crosncise  as  in  the  adjoined 

^eme,  according  to  the  usual  rule  of  double  position,^  dividing  the  sum  of 

^e  products  1305^  16'  by  the  sum  of  the  errors  172,  gives  the  corrected 

'^titude  70  35'  N.    The  sum  of  the  products  was  tikcn  in  this  case,  because. 

<^oe  of  the  assumed  latitudes  was  greater  and  the  other  less  than  its  corres- 

P^fXbg  computed  hititude.     If  both  computed  latitudes  had  heen  greater  or 

"^tli  liM  than  the  corresponding  assumed  latitudes,  the  differences  of  the 

th^^^^  and  of  the  products  ought  to  have  been  taken.     It  will  rarely  happen 

^'^^t  mote  than  one  process  of  this  kind  will  be  required  to  give  a  correct  re- 

?^^^    In  the  present  fnstince,  however,  it  f^ill  be  neccssaiy ;  for,  by  repeat - 

J^^    the  operation  with  the  assumed  latitude  7^  35',  the  resulting  computed 

^"S^ i^tude  18  7^  41i',  and  the  third  error  6^'.   Repeating  anc^*  the  computation, 

^^"tii  this  and  the  second  latitude  8°  16'  and  second  error  66',  tlie  resulting 

^'^^tode  is  70  38',  the  same  as  was  found  by  the  direct  computation  by  the* 

^.^■^t  method,  and  as  accurately  as  could  be  obtained  by  repeating  the  opera- 

^^>tis  about  fourteen  times  by  the  second  method. 

,     In  general,  when  such  a  large  number  of  operations  are  required  to  pro- 
.^^f!e  a  correct  result,  it  is  a  sure  proof  that  the  situation  of  the  object  is  not 
l^^ll  adapted  to  obtain  an  accurate  latitude,  and  it  would  be  lost  labour,  and 
•^^d  to  great  mistakes  to  attempt  it.    Thus,  in  the  present  example,  if  the 
S^^^atest  altitude  had  l>een  decreased  only  12'  42",  making  it  69^  48'  12'', 
•^^.▼ing  unaltered  the  other  altitude  35^  21'  and  the  internal  2h.  20m.  the  lati- 
^^de  01  the  place  of  observation  would  be  0,  or  under  the  equator,  as  is  easily 
t^t>ved  by  computing  the  altitudes  of  the  sun  for  the  times  Ih.  17m.  50s.8 
^»*d  5h.  37m.  50S.8,  under  the  equator  when  the  declination  is  0^  30'  N.  by 
*h^  rules  hereafter  given.     Hence  it  appears  that  a  change  of  12'  42"  in  the 
S^eatest  altitude,  would  alter  the  computed  latitude  from  7^  38'  to  0^, 
^"KicA  makes  an  error  of  one  degree  of  latitude  for  an  error  of  1|  miles  in 
^H^t  altitude,  and  as  errors  in  the  altitudes  of  this  magnitude  are  easily  com- 
mitted at  sea,  even  by  very  good  observers,  it  shows  very  clearly  the  defect 
^f  the  method  of  double  altitudes  when  the  sun  approaches  near  to  the  ze- 
*^h.     This  does  not  arise  from  any  defect  of  the  method  of  computation, 
^Hit  is  an  inherent  defect  of  the  method  itself,  which  no  process  of  spherics 
^^ti  remedy,  and  there  b  no  other  resource  left,  in  such  cases,  than  to  make 
of  another  object  to  determine  the  latitude. 


_^^  will  be  fooDd  in  tbne  calcalations  by  using  logariUuns  to  seven  pbces  of  figures 

^  ww^^^"^^  calealalioa  Mxorately  to  srconAs. 
•  V *»tt4i(ci  ef  hMb  iRtf tilde*  nre  «Hk^  the  minotn  only  may  be  irtelned  in  th«e  innltlpj|c^(i*ns. 


i 
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tlun  B  houn.     This  angle  is   lo  bo  marked  nirlh  or  unulb,  nitJi  a  dilT'Tent 
tume  (ram  die  decliniition  ij,  al  the  greatest  altitude.     The  co-sccanl  nf  A  if 

ilo  be  placed  in  Col.  £.  its  co-sine  in  Cot.  3. 
4.  Place  tbe  declination  D,  corresponding  to  the  laM  altitude,  below  llir 
anfle  A.  and  if  they  we  of  the*  Kont  name  take  their  ram.  hut  if  of  difejrnl 
nunrs.  Uke  their  diffrrnct.  and  call  this  sumt  or  diSercncf.  Ibe  nnglc  B. 
auking  it  north  or  atnitk  like  the  greateit  of  the  two  quantities  A,  D.  The 
cn-stneorBlstohcplacedinCol.  Z.  itsco-aecantinCol.  S. 

5,  The  sum  of  the  three  logarithme  in  Col.  3.  (rejecting  M  iit  the  index) 
il  Ihc  co-tangent  of  an  angle  F.  (less  than  90°)  which  is  to  he  taken  out  and 
<n>rk«id  nvrtk  or  toulli.  with  a  different  name  from  B. 

B.  The  sum  of  thp  three  logarithms  in  Col.  3.  (rejecting  SO  in  the  index) 
is  Ibe  eo->in#  of  the  angle  C.  which  is  to  be  taken  lot  than  60^.  ifB  is  less 
than  MO,  but  ^ratrr  than  9oO  if  B  is  g-rtn(er  than  90°.  The  angle  C  tind 
iw  «o-«ecaat  are  to  he  placed  in  Col.  1 . 

tl.  Pbee  the  altitudes  below  C,  take  the  halfium  of  these  three  quantilicf] 
Sibcract  tbe  greatest  altitude  from  the  half  sum,  and  note  the  mnatndf!- 
?lue  the  secant  of  the  Uiut  altitude  in  Col.  1.  its  co-Ungent  in  Col.  3.  '\U 
Am  in  C«l.  3.  The  cosine  of  the  half  mm  in  Col.  1.  and  the  sine  of  the 
^oa^ykr  m  Col.  1-  The  sum  of  (he  four  last  logarithms  of  Col.  1.  (reject- 
in;  to  in  the  index)  being  dividel  by  3,  gives  the  sine  of  an  acute  angle, 
*Iiich  being  found  and  doubled,  gives  the  zenith  angle  Z,  which  is  to  be  named 
'"ink,  if  the  zenith  nnd  norfh  pole  nre  on  the  $ame  side  of  the  arch  or  grtal 
'itU,  Mflaing  through  the  two  objects,  (or  the  two  otncrreid  places  of  the 
'^ine  M>ject)  but  irmlh  if  the  tenilh  and  tovth  pole,  arc  on  the  wnu  side  of 
'^1  peU  circle] 

B.  Take  the  vum  of  the  angles  Z  und  F.  if  they  are  of  the  $rane.  name, 
•^X.  (heir  *fference  if  of  difftrmt  names ;  thja  sum  or  difference  is  the  anelc 
?  •  lo  be  mailed  norrt  or  touih  like  the  gmtest  of  the  angles  Z,  F.5  The 
***>«  ofG  is  to  lie  placed  in  Col.  i, 

O.  The  sum  of  the  two  lower  logarilhois  uf  Col.  i.  (rqecting  ID  in  the 
?*«S«i)  ii  the  tangent  of  an  angle  I,  which  is  lo  he  taken  out  (less  than  90°) 
1^  **>  c3  narked  botVi  or  touth  like  G-  The  secant  of  [  is  to  be  placed  in  Col.  S. 
Kb^  10.  Write  the  declination  D,  corresponding  to  the  Ua»t  altitude  below  1, 
^^Z^lce  theirf  ram  if  of  the  aami  mimt.  their  difftnna  if  of  d\ffennt  names, 
^^l^^fcis  sum  or  dJIFerence  is  the  angle  K.  of  the  same  name  as  the  greater  of 
■*   **»*Be  two  qiiaatities.     The  sine  of  K  is  (o  be  pl»ced  in  Col.  5. 

^^    II.     The  aum  of  the  three  last  logarithms  in  Col.  9.  is  the  sine  of  th"- 
^•^•jnired  Utitiide  of  the  same  name  as  K. 

EXAMPLE  XI. 

Given  die  (uii's  correct  central  altitude  41°  33',  and  his  declination  14°  >'. 
Her  an  ialeml  of  th.  dOm.  by  watch,  his  correct  central  altitude  was  SO*^, 
d  hh  declination  13*^  3S'  N.     Required  the  latitude,  the  sun  being  south 
C  the  observer  when  on  the  meridian  ? 
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EXAMPLE  XIU. 

S  uppuse,  at  the  same  moment  of  time,  the  ipoon*s  correct  central  altitude 

ji2a,9  Uir  20',  the  moon*s  declinatiun  0^  36'  N.  the  sun*s  correct  central  alti* 

Ividc  37O40',  the  sun's  declination  0°  17'  S.    The  hour  angle,  or  difference 

up  tlK  right  ascensions  of  the  sun  nnd  moon,  being  by  the  Nautical  Almanac 

^1  hoon  or  7^^.     Required  the  latitude,  supposing  it  to  be  north  ? 

Col.  2.  I  Col.  S. 

' Uo.      lOJTltsS 

line       S.OS002I 


Co).  1. 
Ibor  angle  H  St.  (F.  H.  lOh.)  sec.  10J8708 
teeU.  4^ir.  All.)     Q*  9B'  N.  un.  84X2001 


ACfSUlimefrainA)    2  i»  8.  tan.  8.G07O4 
l>I>ed.(rtlei*ah.)    0  I7  S. 


B 2  dti  S 

C 


7A  00  cu-ser.  10^150t> 


i^^tiiiimle 37  40 

^nttsi  rnhxtaOit  . .  .'.J  SO 

*« IfiS  00 

1  5oa 


sec.  iaiOi5i 


M  00  co-tine  9J0I9B9 
C8  40        ilM  9.68098 


2)18.8lGTe 


A(uaitaffjts  U.>co-s«c.  11.39333 co-iine  9.9*)S>M 


.co-iine 


I 
9.99955I 


.cancel  1.34390 


C  mucalT. Mil) cosine  9.41236  F  0o42' N.co-Un.  11.91489 


tiae        9.708750  30  22  N. 

co-uin.  10.11211 

3S»l3'y.Uii.        9.81  til6 


Z29  40  N.(Fle»90o,dUr. 
name  fm.  IS.) 


Bine 


DrcD  0   17  S.  (at  Ictel  alt; 


[I  leai  90°]  fee 
[I  named  as  G.] 


S2  56  N sine 

I 

LaUtude 23*24'  N. &ine 


&78609 
10.QT74S 

aTssss 

9.59890 


14  50        sliie  9.40{;3d 

23  40  N.  (named  like  bearing  of  Zenith.) 

zenith  had  been  south  of  the  great  circle  passing  tiirough  the  olr- 


^«tr -ft  lop. 
iz...   

If      « 

jccts,     ire  should  haTe  Z  290  40'  S.  G^asO  58'  S.  i  9S9  6'  S.  K'siP »' S. 
and  «fae  latitude  22^  44'  S. 

EXAMPLE  XIV. 

^^*"^'«nthe  moon's  correct  central  altitude  47^  S7',  the  moon*s  declination 

*"    ?^V  S.dke  sun's  correct  central  altitude,  at  the  same  tune,  27^22',  the  lun's 

decltK^i}^!!  jc  28'  S.  the  hour  angle,  or  difference  of  right  ascensions  of  the 

hun  ^xid  mooD.  5h.  40m.  28s.  or  80°  7'.    Required  the  latitude,  supposed  north? 

CoLS. 


Col.  1.  < 

UBr(PJ|.llh.20  56 ')  sec.  114)6993 
CilCr.alL)   17^:0  b.  tau.  3.49828 


Moor  1 
l*«eU. 

A  '''»r-  Vkvne  (nm  rf.)  74   63  N.  tan.  10.56821 


6t:  25  N. 


^  • 5:2  01  co-sec.  1000331 


sine        9.47774 

A(v'UDe  afllas  H.)  co-iec.  10.0152!^ 


co-sine  9.C021^ 


C  (same  afl*.  as  B)  co-sine  9.095U 


*""^-»l  altitude  ..  47  r>7 


Col.  3. 

.  tan.      llJOBtaS 


co-sine  a4lCi28 


,  co-sec.  10j93788 


F  16''4S'  S.  oo^an.  I0J2SS1 


157  yt 


li sine        9.5849rr 

sec.  10.05155^   co-Un.  19.2859? 

I  30-^37' N.  tan.        9J70»6 

i  Dec.  D   C  3i  S.  (at  leuM  ait.) 


Z39  20  N.(FIcis90o,dir. 

name  ttn.  B.) 

G  22  37  X. 


sine       9.66246 


:8 


7a   55   co-sine  J.28S84iK         28   09  K 


.alL=Jlcm.  21    18        sine  9.715C0 


I 


[I  lea  90°]  fee.      I0.09S1S 
[I  named  as  (i.]  , 


Sunt  , 


■•f  4  lof  s. 


2)  1 9.0543c 


Z. 


sine       &67S7t 

Latitude    15*41' N.Kijic       SI.431C8 


Ij  40       sine  9Jail\fi 

S'J  JO  N.  (named  like  hearin|r  of  Zenllk.) 

.  ^r  thp  zenith  had  hcen  south  of  the  ereat  circle  passing  through  the  ob- 
•'*^K  we  should  have  Z  39^  iO*  S.  G  &6^S'  S.  I  08^  2'  S.  K  660  30*  S.  and 
^  '•*  latitiidp  02'^'  l»i'  S. 
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;5. 


The  sum  of  the  two  lof^arithms  in  Col.  £.  is  the  tangont  of  the  angle  J. 
^l-x  « ch is  to  be  taken  less  than  90^,  and  marked  south  if  tlie  angle  G  is  Uss  than 
^9^^^  t  but  mortk  if  G  is  more  than  90^.     Place  the  secant  of  I  in  Col.  3. 

£>  -    Place  the  declination  corresponding  to  the  least  altitude,  helnw  I ;  Take 
Xlt^TMTSim  if  of  the  same  name,  hut  their  difference  if  of  different  names ;  call  this 
«\axxi  or  difTerence  the  angle  K,  and  mark  it  with  the  same  name  as  tlie  greatest 
of  tht  two  quantities.    Place  the  sine  of  K  in  Column  3. 

0-    The  sum  of  the  three  logarithms  in  Col.  3.  (rejecting  2u  in  the  index) 
U^tscsine  of  the  latitude  of  the  same  name  as  K. 

Hftnng  found  the  latitude,  the  hour  may  be  obtained  by  means  of  the  true 
ak^tndeand  declination  of  the  sun  or  star,  by  any  of  the  usudl  methods  here- 
after gireD  for  that  purpose;  but.  if  the  last  of  the  observed  altitudes  was  that 
of  the  sun  or  star,  the  horary  distance  of  that  object  from  the  meridian  might 
be  obtamed  more  simply  by  the  fnllowing  nile,  adapted  to  Table  XXVIL 

RpLK.— Add  the  tangent  of  the  angle  O,  the  sine  of  the  angle  I,  the  secant 
01  the  angle  K,  the  sum,  rejecting  20  in  the  index,  is  the  tangent  of  an  angle: 
f*keoiit  the  com^^ponding  time  in  the  Column  P.  M.  or  in  the  Column  A.  M. 
'ntreased  by  12  hours,  half  of  either  of  these  times  is  the  horary  distance  of 
|ne  lowest  observed  object  -from  the  upper  or  lower  meridian,  whence  the 
*W!urinay  be  obtained  directly  if  it  be  the  sun,  but  if  it  be  the  star  (or  moun) 
I'B  obtained  by  applying  its  honiry  distance  to  the  hour  of  passing  the  meri- 
A^  '^^^cording  to  the  usual  methods  of  finding  the  time  from  an  altitude  nf 
•■*  wed  stir,  or  the  moon. 

EXAMPLE.— /*^i/«t  as  Dr.  Brinkteif's  \.  A.  l^Zb.) 
May  i9d«  8h.  6m.  P.  M.  in  the  longitude  of  7h.  23m.  west,  it  was  founiJ 
by  working  a  lunar  observation  that  the  correct  distance  of  the  centres  of  the 
>un  anfl  moon  was  90^  07'  20" :  true  altitude  of  the  sun's  centre  1 1^  33'  1-2" ; 
||rue  altitude  of  the  moon's  centre  270  jj^'  ig".  \\  the  sagie  time  by  the 
^iautie^  Ahnanac  the  sun*s  declination  was  19°  06'  1»"  N.  the  moon's  decii- 
Jiatioo    190  yj'  4g"  N.     Required  the  latitude  and  iionr  by  this  observation  .' 


CO  fee. 

CO-MC. 


TfMA.  C«L  I. 

J~  •*  iMh.  TO  w  12 

'■**-*t  jfah.  16  (M  12 

5""-  -  • 237  04  44 

;|l" .lit  35  22   fine 

,a.-p^jj,^jj  ^  28  10  siM 


io.ooor>^ 


9.34374 
8.82043 


U  u  «Kin  of  F,  Z,  \{nnrth  pnk  and  ztnuh  ai*  on  ioinc  mU«*  of 
ot  |;reat  vircir,  but  l?icir  ui/^t.cu't  if  of  difii:i4riil»idt»- 


2)1S.E001U 


F... 


105   12  00 


'JJ»XM  Z 


alt 


90  51  20   co-scc.  lO.OOOOC 
II   S3  12   c«r.       10A)088« 

27  S2  18 


130  02  50 


•  ■  • .  •  • 


65  01  25  co-5iae  9X2357 


.  all.    37  29  07   sine        9.78430 


4^    ••    • 


2)19.41881 


Ccl. 


Col.  3. 


U  3l  OJ 


F     103  12  00 


G     1€C  -Id  s2 


co-i.inc   9.3<>P40 
.  CO  Un.  I0.t-8S47 


I        78  08  33  N.  laii.       10.67787 


I  i«  iMi  tlmn  PO°,~iminfil 
aouOi  If  U  U  less  tb:inUO<», 
ni»rib  if  li  is  iiiurv  iXtan 
ftOo. 


,«ine    &.S02LS 


Dec.  19  56  48  N-vit  Ivost  ale) 


iS  0  i  21  X «uie    9.W5w; 

Jjilitude    7H  48'  N.  sine    9.9&r52 


SO  48  S6 
CI    36  92 


sioe        9rt{M-j\ 


To  find  the  Hour. 

Q tan.    J.3C1474 

I line    S.av'S 

K tec  10.851m; 


Hour  P.  M.  7L.  47ni.  A2t.  or  A-M.+lSb^zlGh.  I2in.  IS$,        tan.  10.21203 


5Sni.3l£- 


8b.  06m.  03s. 


I^JY*  by  2  fi»est  iho  honry  disliince  «f  ^  .i, 

^,  *^H^  sun  being  at  the  lowest  altitude,  his  distance  from  th»*  upper  meridian 
1^^  *h.  6m.  98.  beinp  the  hour  of  the  day,  and  thi^  sun's  distanrr  fruni  the 
^•'  meridian,  or  midnight,  was  .ih.  j.iin.  Tils.  


^^^.jlhcseloKmrilhniininvbr  ULrn  uutatlhe  same  time  \%  hen  the  ^iueof  thran{.'le  nas  loundinthe 
^*^«liOD  of  ibe  allele  Z.' 


TO  FIND  THE  LATITUDE  BY  ONE  ALTITUDE.     Uv 

RULE. 

,Adi  together  the  logr,  cosine  ofthr  latitude  by  aciovnl  (Table  XXk'II.)thf 
Zofir-  t^-rimoftht  diclinafion  (TabU-  XXVII,)  the  logarithm  in  tht  column  of 
rising (TMe  \XIIL)  correspond inf(  to  tht  time  from  noon  ichtn  the  ohsrrva- 
tiamwntaktn;  rtjrct -^K)  in  thr  tir/cr,  thf  natural  vumhir  of  tht  nmoinder 
btimg  found  fin  Tahlr  XXl'L)  v.nd  addid  to  thf  tiatv.rtrl  sittL  of  the  oAwrrcrf 
altitwU  (Table  XXIV.)  the  sum  will  bf  th  natural  ro-siiif  of  th  meridian 
vtuih  distance,  from  trhirh  thf  laiiludt  ma  if  bi  uhtuintd  hy  tht  cf'mmnn  rvlcs. 

irthe  computed  latitiKl**  dilTcrs  odnsidcnhly  f'n)iii  tlii*  latiludr  hy  nerdunt. 
It  15  tNfSt  to  rf*poat  tli4' opirnitini).  iisiirr  tlu-  littttiide  Irist  fotiiKi  iiirtend  of  the 
latitude  by  account.  Tiii:*  method  ni*  ii.idini;  tin-  UftiiKdc  by  it  .single  altitude 
of  the  sun,  may  be  applied  to  any  i»tliiT  cHihtial  objri't. 

EXAMPLE  L 

Being  at  sea  in  latitude  19^  00  \.  l»y  leecunt,  wiu^n  the  sun's  declination 
was  20--  S.  at  llli.  iOni.  ios.  A.  M.  pi  r  uiitel).  n';:ul'trd  thv  pneeding  morn- 
inc.in  a  place  20  miles  of  l<»ni:itiid^-  to  lh«-  riist\v:inl.  the  sun's  rorn-ct  ccn- 
tnd  altitude  was  19^  11'*  bearinp:  south.     R«'quired  the  true  latitude  1 

H.    M.    S» 

^■Mperwstch 11  89  «0  Latihik-    49-  5t»  Co-sinc  9.90957 

M'inT- byTab.  XXI.  1  20  Dcclin.       90      U  Co-sinc  9.9729*) 

Tine  or  aberration.. II  2S    0  Time  riom  noon  Uh.  3-2in.  0«.  Log.  rising         2.93820 

12  

N.it.  Num.  .590  log.  i.7707fe 

Tine  rrom  noon 32    0  CenU-a!  akitude  19    1! '       ^Si^^;       33SS-2 


Mor.  zeii.  disl.  f»9   57  N.  Co— in*-  3427-? 
reclination        SO     OS.  


r.ntiuiilo 1')   57  N. 

EXAMPLE  If. 

-^^  *«aiii  the  latitude  of  On  N.  by  Jierount.  tin*  snii  lM'in;:on  liio  e<piaitir.  ji 
Oi\- &^1ILOs.  p.  M.  per  watrh,  rrKulat»il  lh»-  prrrrdiij,:  iiiurninp:  in  a  jilace  15 
"^Ir*  ^lonntude  to  th»'  westward,  ll!<'  sun's  con  ret  ei'titral  altitude^  wus 
-^     ^S^  beanng  south.     Requirt'd  tlu*  lalitudi'? 

^.  H.  M.  S. 

;™   peravj:h    0  59  0  Latitude        60   N.  Co-sinc        9.69S97 

*•■»  «>n^.  in  time  1  0  Dcdiiiation     0  Cu-sino       lO.OOOOO 

^  Oon  noon    10  0  Time  from  noon  Ih.  0:u.  L'l^.  rising   3.ri3343 

Nat.  Numb.    170 1     Log.    3.23140 
Cciitnil  aitituJo :?^     '■:►'        .Sine fS::03 

Me r.  zrniUi  distance bO      0  N.  Co-sinc  .-..50007 
Declination 0      0  


Latitude bu      0  N. 


,.^^  hen  the  observation  U  taken  a  few  minutes  befn:'."  or  ai'ternoon,  tlir 


**5rtl  to  ^c  n^'i'.C'*. 


>    ^^«i  towflnntl  to  be  noticed^ 


TO  FL\D  THE  LATITUDE  BY  ONE  ALTITl'DE.    i:a 


EXAMPLE  V. 

Hating  regulate  J  mj  watch,  I  found  it  to  be  6'  2"  too  sIoav  for  apparent  timf .  I 
then  sailed  to  the  .southward  anH  (^a-^twa^l  till  the  i>hip  had  made  hw'  diii'erence  of  longi- 
tude, and  was  by  account  in  the  latitude  of  40  .N.  th(^  Min's  dcclinatinn  being  2(PS. 
The  wn  beii^  then  nearly  on  the  mtridian  I  o^iscnf-d  ten  ;iltitiides  of  his  Iov.lt  limb  by 
adirle  of  reflection  and  noted  the  time:,  l-y  the  uatch  m-  in  the  following  table,  and  the 
MiB  of  all  the  altitudes  taken  from  the  rirrlu  w.is  ii'ir^  -JO'. — Kequired  the  true  latitude, 
^iffKMing  tbe  dip  to  be  4^  and  the  scmi-diBmcttr  lb'  ? 

MThen  it  was  12  o'clock  by  the  watch  it  was  l*2h.  6m.  '2».  apparent  time  at  the  place 

nhere  the  watch  was  regul.ited.  and  I2h.  lUni.  2s.  apparent  time  at  the  plare  where  the 

altitudes  were  taken  to  determine  the  latitude,  because  the  former  place  wai*  6(/  o»4'  in 

time  to  the  westward  of  the  latter,  conseiiucntly 


tbc  watch  was  10m.  2s.  too  slow  for  app.  lime  at  I  Time  j*r  .  t.pk- rrom 


•'&e  place  of  taking  the  altitudes  for  determining  the 

ktitvdt.     Hen^  we  may  determine  the  time  from 

ntxyw^  of  taking  each  observation,  as  in  the  MTond 

roSTxann  of  the  aiyoincd  Table,  and  find  tbe  numl>ers 

fOE  M  csponding  in  Table  XXXIII.  the  mean  of  which 

is    ^.97,  this  multiplied  by  the  number  in  Table 

X?i^  3CII.  corresponding  to  the  latitude  40-  N.  and 

declAaiation  2U~  S.  viz.  1' .6  will  give  H".l'i2  or 

ll''''^     which  is  the  correction  to  be  added  to  the 

Rie^E&x-i  of  the  observed  altitudes  to  obtain  the  mcri- 

dia  WM.  altitude. 


.1. 


I 

11.43.13 

I     46. -..S 

I      4  7.. =^2 

l.-^.oO 

I     49.2J? 
•'      oO.-li5  : 

j  :>i.iOT 

(  r.2. 13  ! 

!  :.3.  .s  j 

I  "iI.2:j  1 


4'  15" 
3     0 
2     6 
8 
30 


I 
0 


0  .=}0 


1 

2 

3 
I 


12 
13 

10 

2:> 


Nuniher* 
Tall.  XXXni. 


18.1 
9.0 
4.4 
1.3 
0.2 
0.7 
1.4 
5.1 
10.0 
19.5 


Snni     h9.7 


Mean  6.97 


T. 


<3Vthe  sum  of  all  the  altitudes  298-  20,  divided  by  10,  the 

of  observations  gives 29 

Add  semi-diameter  16'  and  the  aliovc  correction  11'' -f- 

Add  parallax  found  in  TaMe  \1V -f- 

Subtract  dip  4'  and  refraction  1 '  39 ' — 


Central  Altitude 30 

Zenith  diftancc 59 

Declination '20 


50' 

0 

16 

11 

8 

5 

39 

0 

40 

59 

20  N 

0 

0  S 

Latitude 39      59    20  N. 

^^"bcn  tbe  meridian  altitude  of  the  object  is  5mall,  the  correction  of  altitude  may 
9QDd  by  thui  methotl,for  12  or  l.'«  minute^  from  noon,  to  a  jreit  degree  of  accuracy ; 
^hcn  the  sun  passes  near  th«;  z«Miith,  the  time  ot  ohstnation  must  be  proportionally 
>r  to  noon.  Thus  in  Lxamplc  1.  prccediiijr,  ilic  time  from  noon  was  32',  and  as 
vrambcn  in  Table  XXXlll.  are  the  ^sqiian's  of  tlic  number  of  minutes,  it  follow.*, 
the  number  corresponding  to  32  v.imld  lu  the  sijuare  of  •2  or  1021.0.  This 
^^^  »lipUed  by  the  number  1.3  of  ThWc  XXXll.  corresponding  to  the  latitude  50^  N. 
I'ci^"^  declination  20  S.  will  gi^e  llie  currertion  l.;3l  .2  or  nearly  22',  which  added  to 
lj^.^    ir  will  give  20-  3' forthc  meridian  altitude,  or  69    57' for  the  zenith  distance, 

'*>^  tbe  same  as  in  that  example. 
j^t.  ii  fttry  advantageous  in  this  mttho  I  to  observe  as  mnny  nlti- 
T^^sin  the  afternoon  as  before  noon,  an-l  at  nearly  the  same  dls- 
y*Ce»from  noon,  for  in  this  c«se  a  small  irrtir  in  I'.ie  rf-^.I.iting 
tfcc  watch  will  not  materiidly  atlect  the  calculation.  Tl-.is  will 
J^Pcrar  evident  bv  supposing,  in  the  prcrclinj;  «  xample,  that  the 
•f^tch  was  ir  S'^  too  slow,  instead  of  lo'  2  .  bv  which  in(  ans  the 


oe 

bat. 

n 

th<^ 

th 


_.  -'s  and  numbers  will  he  as  in  the  adioinec'  i'able,  and  the  int;nii 
^  *ilthe  numbers  taken  from  Tabh-  XXXlll.  will  br  ^.i:,.  which 
^Ul^Blied  by  T'.ft  wfll  give  13"  nearly,  for  the  correction  instead 
^  *  '  ,  10  that  in  this  case  an  error  oi*  one  minute  in  the  reg  iblion 
J.  *^  watch  would  only  cau.«e  an  errcv  of  2  seconds  in  the  meri- 
^"^^  *tude. 

^utit  must  be  carefully  observed  that  in  1!^ip:c  tliis  mMhod  yOTi 
^y';"*tnot  take  th**  observation  mor*^  thn.n  2  or  3  minutes  from  noon 
'*"  t1,#!  jiiin  pi-r.-P!!  within  10    n.-  !-^    .ii'tlir  /ov\'\. 


1 

In  Tab. 

"i  imes.l 

XXXIII. 

3.15 

10.6 

■:.  0  j 

4.0 

1.  6  i 

1.2 

0.    8    : 

0.0 

0.30  , 

0.2 

l..>0  ' 

3.4 

2.12 

4.S 

3.15 

10.6 

4.10 

17.4 

5.25  ■ 

29.3 

Sinn 

HI. 5 

Mean  8.15 

TO  DETERMINE  THE  LATITUDE  ON  SHORE,  ^c.       11^3 

^Ititudei  may  be  obsencd  in  this  tnannt^r  in  taking  an  aramull)  fur  delrr- 
xcm  3-iuns  the  variation,  or  for  regulalini;  a  watch  in  the  manner  explained  in 
tk-&.s.a  work. — Observmg  in  all  cases,  that  the  half  of  the  observed  angle  \a  li> 
k^^  corrected  fur  refraction,  parallax,  and  scmj-diamcter,  but  not  for  (he 
d.  ■  jp  of  the  horizon ;  and  that  haJf  the  index  error  onl j  is  to  be  applied. 


-TO  HND  THE  LATITUDE  B?  AN  .\LTITCDE  OF  THE  POLAR  STAR. 

M  S  Donliem  climates  Ibe  la- 

m^  it  maj  be  detFimiiuHl  by 

—  ■=»"'  aC  an  obsened  allilude 

«hc  Polar  Star,  provided  Ibe 


nrtained   within    a 

u.*     Thi>  method 

(  be    riEqueDll;  used  at 

J  irten  the  bontoD  ia  trell 

g^«»td,  if  that   itar  were   of 

~      '    ~      lEniludc,  but  beti^ 


M  mBEiulu 
f  tha  Id.  c 


3d.  n 


-~^^,  K  ii  MiiDetimei  so  dim 
t'>^«it  ia rather  difGcuU  to  dc- 
e  the  altitude  with  prc- 
Hoireier,  a>  there  ore 
^*n%«iirhen  it  would  be  of  great 
'"^Vvortanre  to  determine  the 
l>.«LBtB^  ttitluR  10  or  18  milea, 
>t  ^m  u  Aougbt  adriieable  ho  ei- 
P^^a-in  (fail  method,  which  ma]' 
"^  XawdwkenobaerTBtionaoftlie 
*"  n  armoBD  cannot  be  obtained. 
KjiTing  therefore  the  eppa- 
'^*M  I  tine  oT  abaemlion  (irbich 


•^.^a-t  t>  6h.  A.  M.  must  be  call- 
«^  ISh.  lu.)  (ltd  the  obwrved 
?|-*^ltude  of  the  (tir  determined 


t.„j  Id  I 

e'^«,bm,»l 

«,i.^t« 

T^rsr^y 

h.  m. 

h.  m.' 

"ii 

m. 

b.    01. 

0.  58 

12.  53 

IS.  5n 

1.  3 

i>.  53 

12.  63 

13.  3 

I.  13 

U.  43 

12.  43 

13.  13 

1.  B3 

0.  33 

IS.  33 

13.  23 

1.  33 

0.  23 

13.  33 

1.  i3 

0.  13 

13.  43 

1,  S3 

0.  3 

35 

12.  3 

13.  S3 

23.  33 

34 

14.  S 

2.  33 

23.  33 

31 

11.  33 

14.  83 

a.  Si 

23.  23 

V> 

14.  33 

2.  43 

33.  13 

•iH 

11.  13 

14.  43 

9,  53 

33.  3 

ai. 

3.  3 

22.  53 

3.  13 

22.  43 

10.  43 

22.  33 

10.  33 

3.  33 

23.  23 

1ft 

ID.   23 

15,  33 

3.  43 

32.  13 

10.  13 

3.  53 

22.  3 

11 

10.  3 

15,  53  i 

21.  53 

9.  53 

lb.  3 

4.  13 

ai.  43 

fl 

9.  43 

16.  13 

4.  33 

21.  31 

9.  33 

16.  S3 

4.  31 

21.  23 

fiH 

9.   23 

16.  33 

■1.  43 

21.  13 

S4 

9.  13 

16.  43 

4.  SI 

21.  3 

HI 

9.  3 

16.  53 

3.   3 

SO.  53 

17.  3 

6.  13 

20.  43 

J'i 

8.  43 

17.  13 

5.  S3 

21).  33 

■w 

P 

17.  23 

5.  33 

20.  23 

Ih 

f 

23 

17.  33 

5.  43 

20.  13 

1? 

(■ 

17.  43 

5.  S3 

20.  3 

27 

S 

3 

17.  53 

6.  3 

23 

13.  3 

b.  13 

19.  43 

14 

43 

18.  13 

fi.  23 

19.  33 

ir. 

33 

18.  23 

6.  33 

19.  S3 

: 

23 

18.  33 

6.  -13 

19.  13 

h 

■i 

13 

19.  3 

" 

•t 

; 

3 

1ft  53 

6.  bH 

la.  hS 

0 

0 

b 

5S 

l».SS 

"^btnd  from  Ot  •Itfuide  the 
'«(>,  Btieh  ii  in  ((eneral  4  mi- 
'^UCei,  and  the  icrraetion,  and 
?~*>U  wSI  obtain  the  tn  alti- 
'^■vle  at  tke  Itar.  Then  the 
••»«»■•  t^t  a«eiuion  corres- 
P^ndngtothe  Kirrndav,  muit 
■^  bima  in  Table  Vi.t  ard 
Wded  to  Ibe  apparent  lime  of 
"^^iiiiillKn  (rejMtiog  S4  houn 
**kan  the  nui  exceeda  94houn) 
^ith  Ikat  wm  enter  the  adjoin- 
ed nth  aad  t^  out  the  cor- 
**ay)n>ilii^  concetion,  which 
■>tW  be  ad<U  to,  or  nibtract- 
^  btn  the  tfM  tititade,  ae- 
enrdjgg  to  the  dSreetioni  in  the 
**bla — tbe  «um   or  diflerence  will  bethc  latitnde  of  the  place  of  obicrvation. 


2*£*>  ■**-"— *T-. —■  tltkt  UM^Dn  of  a»  lur.  li  cnnrfuaa  hoIt  » >b*  for  ini  Tat  ncir  jmr 
^'^'AHtaaiVHBiw  add  (■wBuutcro)'  ■  mloBle  U  It*  Itan  in  the  aide  catamni,  mid  dHrean  tLe 
^^•iuowtttOam  nf  aliilnde  abg^  ^  pan.    Tbu  for  tti  jcv  xae  Ue  Ilmci  miul  be  IncreiK,! 


Qinpd  Ih.  la.  and  lit  the  CD 


>  VIND  THE  TIftlE  AT  SEA,  AND  REGULATE  A  WATCH.  1^3 

tch  ouiT  be  found.  A  small  correction  is  necessary  for  the  variation  of 
!  sun*s  declination  during  the  iater^'al  betwec^n  the  observations,  and  the 
tthod  of  calculating  this  correction  will  be  given  in  this  work,  but  this 
'Aod  cannot  often  be  made  use  of  at  sea  by  reason  of  the  motion  of  the 
nel. 

rhe  best  method  of  obtaining  the  apparent  time  at  sea,  is  by  observing, 
a  fore  observation,  the  altitude  of  the  sun^s  lower  limb  when  rising  or 
log  fastest,  or  when  bearing  nearly  E.  or  W.  to  tliis  altitude  we  must  ada 
;  semi-diameter  and  parallax,  and  subtract  the  dip  (or  instead  of  these 
■ee  corrections  add  12',*  which  will  answer  very  well  for  an  observation 
no  on  the  deck  of  a  common  sized  vessel :)  subtract  also  the  refraction 
ceo  from  Table  XII.  and  the  remainder  will  he  the  correct  altitude.  The 
p*8  latitude  must  be  found  at  the  time  of  observation  by  carrjing  the  rec- 
mng  forward  to  that  time.  The  declination  must  be  taken  from  Table 
.  or  ftom  the  Nautical  Almanac,  and  corrected  for  the  ship*s  longitude,  and 
t  distance  of  the  sun  from  the  meridian  by  Table  V.  Then  if  the  latitude. 
4  ieelmation  be  both  north  or  both  souths  subtract  the  declination  from  90^ 
djfou  will  Aaoe  the  polar  distance ;  but  if  one  be  north  and  the  other  south, 
d  Ike  declination  to  90^  and  you  will  have  the  polar  distance. 
Eaving  thus  found  the  correct  altitude,  latitude,  and  polar  distance,  the 
parent  time  of  observation  may  be  found  by  either  of  the  three  following 
^thods,  of  which  the  first  is  tlie  most  simple,  since  it  does  not  require 
£  table  of  natural  sines,  all  the  logarithms  being  found  in  Table  XXVII. 
ail  method  is  abridged  by  means  of  the  table  of  hours  affixed  to  the  table 
log.  sines ;  in  using  which  you  must  observe,  that  if  the  sine  or  co-sine  of 
e  logarithm  sought  is  marked  at  the  top  of  tlie  table,  the  name  of  hour 
Iwr  A.  M*  or  P.  M.  is  also  to  be  found  at  the  top,  and  the  contrary  if 
c  ane  or  co-sine  is  marked  at  the  bottom. 

Tt^  find  the  apparent  time  by  the  sun's  altitude. 

FIRST  METHOD. 

Add  together  the  correct  altitude  of  the  sun's  centre,  the  yuitude  and  thepo- 
T  distance  ;  Jhm  the  half  sum  subtract  the  sun's  altitude,  and  note  the  remain- 
r.  Then  add  together  the  log.  secant  of  the  latitude  (this  and  all  the  other 
p.  being  found  in  Table  XXFU.)  the  log.  co-secant  of  the  polar  dist.  (re- 
'4ing  10  m  each  index)  the  log.  cosine  of  the  half  sum,  and  the  log.  sine  of 
t  Ttmabtder,  half  the  sum  of  these  four  logarithms  being  sought  for  in  the 
of  log.  sines,  will  correspond  to  the  hour  of  the  day  in  one  of  the  hour 


EXAMPLE   I. 

Suppose  that  on  the  10th  of  October,  1824,  sea  account,  at  8h.  Sim.  A. 
.  per  watch,  in  the  latitude  of  01^  SO'  N.  and  long.  114^  E.  from  Green- 
cn  by  account,  the  altitude  of  the  sun's  lower  limb  by  a  fore-observation 
18  I ^  92',  the  correction  for  semi-diameter,  parallauc  and  dip  12' — ^Re- 
ired  the  afmarent  time  of  observation  ? 

By  example  III.  page  111,  the  declination  was  6^  34'  S.  this  added  to 
^nves  the  polar  distance  96^  34'.  To  the  sun*s  observed  altitude  13^ 
%  I  add  12  miles  and  subtract  the  refraction  4^,  the  remainder  is  the 
met  altitude  ld<=>  40^. 


— l^liMnelgr  It  is  emaral  about  IS*,  tbe  panllax  nerer  exceeds  9",  and  tbe  dip  is  about  4' ; 
>  *  iht  two  temer  eorrceUoBs  are  additlra  aad  tne  latter  subtracthre,  tbe  effect  of  mU  tbreo  correc- 
»  will  jMtdUl^fliaterlally  from  IS*  addWre* 


TO  FIND  THE  TIME  AT  SEA,  AND  REGULATE  A  WATCH,  id? 


complement  of  latitude  ;  then  add  together  the  imith  distance,  co-latitude, 
ond  yokar  dkUmct,  from  half  their  sum  subtract  the  zenith  distance,  and  note 
the  rtwmndrr ;  then  add  toftther  ihc  log,  co-secant  of  the  co-lot.  (Ms  and  M 
theipAer  la^.  being  found  m  TaMc  XXFIL)  the  log.  co-secant  of  ti^  volar 
distance  (rekcting  10  in  each  index)  the  sine  of  the  half  sum  and  the  sine  of 
the  remamdcrt  half  the  sum  of  these  four  logarithms  being  found  among  the 
^og.  co-sines,  triU  correspond  in  one  of  the  adjomed  columns  to  the  time  of  Say. 
The  two  pfecediDg  exampks  are  thus  worked  by  this  method. 

EXAMPLE  I. 

90°  C  9000*  90°  C 

<2)'teQr.  alL       13  40  latUude      51  30  ^'b  dec        6  34 

2eiLdiit 76  20 

Co^ 38  SO    cosecant  0.80585 

roLdist. 96  34    co-aecant  0.00286 


co-Iat.        38  30    Pol.  dist      96  S# 


Stm..^ 211  24 

(Sum 105  4S    aiiie 

^^  dirt.  ...    76  20 


9.98349 


29  22    sine 9.69055 


2)19.98275 


1^  co-aiiie       9.94137    conresponding  to  which  in  the  colomn 

"^  3^.  is  8l  7nu  9a.  the  time  of  day,  which  agrees  with  the  other  metiiod. 

EXAMPLE  II. 


CH>' 


cor.  alt 


90^  O' 
15  54 


K 


( 


:^*>.  dist 74    6 

,^^l^t. 50    6 

^*.     dist 72  32 


co-sec.     0.11511 
co-sec.      0.02050 


latitude 
eo-Iat. 


90°  O' 

39  54    0'«  dec. 


90^0' 
17  28 


50    6    Pol.  di»t.      72  32 


1%  44 


^  ^t«iD  ....V-  98  22 
'^^'i.  dist 74    6 


sine 


"■^ftinder  .-••  24  16      sine 


9.99535 

9.61382 
2)19.74478 


co-8ine 


^  cu-8ine     9.87239    corresponding  to  which  in  the  column 

'  M.  is  5h.  34m.  27s.  the  time  of  day,-  which  azrees  nearly  with  the  first  method. 
^^^fty  the  preceding  method  you  may  nnd  the  beginning  or  ending  of  the 
^^f^tight,  by  calculating  the  hour  when  the  sun*s  zenith  distance  is  108^  (ot 
?T^^n  the  sun  is  18^  below  the  horizon)  for  by  observation  it  has  been  found 
^^^  the  twilight  begins  or  ends  when  the  sun  is  at  that  distance  from  the  zeniths 

EXAMPLE. 

^Uoalied  tte  time  of  beginning  and  ending  of  tha  twiUght,  June  23, 1820,  at  Boston? 

Zen.  dist 108^0" 

Co-lat .47  37  co-secant         0.13156 

Pol.  dist 66  33  co-secant        0.03744 


Sum 222  10 

i  Sum 


Zen.  dist  . 
Benudnder 


111 
108 


5 
0 


3^5 


sine 9.96991 

sine 8.73069 

sum ia86960 


1^  sum  co-sine  9.43480   which  cor- 

,_ (toflb.6Bi.20s.  A.M.  aBd9h.  53m.  40is.  P.  M.    Therefore,  the  first  a^pearanre 

^  tbe  twiB||t  In  tiiemorning  was  at  2h.  6m.  208.  and  the  end  of  it  in  the  erening  at  9h. 
*^.40». 


TO  FIND  THE  TDlIE  AV  SEA,  AND  REGULATE  A  WATCH.  15f 

page  td.  of  the  month  in  the  Nautical  AlmanaCf  the  remainder  will  be  the 
Approximate  time  at  the  ship.    To  this  time  apply  the  longitude  of  the  ship 
from  Greenwich,  turned  into  time,  by  adding  in  west  longitude  or  subtract- 
ing in  east  longitude,  the  turn  or  (tifference  will  be  the  apparent  time  of  the 
ebsenration  nearly,  at  the  meridian  of  Greepwich.*    Take  from  the  Nautical 
Almanac  the  sun*s  right  ascension  for  the  preceding  and  following  noons, 
aod  take  the  difference,  which  seek  for  at  the  top  of  Table  XXXI.f  and  tho 
lioarB  and  minutes  of  the  time  at  Greenwich  in  the  side  column,  the  corres- 
)H»iding  correction  being  subtracted  from  the  approximate  time  at  the  ship* 
will  give  the  apparent  time  required. 

EXAMPLE  I. 
Suppose  that  on  September  9,  1820,  sea  account,  in  latitude  7^  45'  S.  and 
/ongitude  30^  18'  E.  from  Greenwich,  the  altitude  of  the  star  Procyon,  being 
tbcjk  east  of  the  meridian,  was  28^  16'  and  the  dip  4'.    Required  the  time  of 
tflpservation  ? 

By  Table  VIII.  for  the  year  1890. 

Procyoo's  right  ascension 7h.  29^  52"  Dec.         S^4l'tf. 

Variatioa  in  8j  months 2  Var.  0 

Star's  right  ascensioii • 7     29    54  Dec         5    41  K* 

obcalL  ....  28P  I6r  90 

4  

Pol.di5t95    4t 

28     12  r 

TU>leXU....  S 


C?«*»reet  ahitnde. 

....28 
7 

10 
45 

^«»*«r  distance-. 

...95 

41 

^^'^•. 

2)131 
•  •  65 

36 

i    Sunt 

48 

^^^.......V., 

...  28 

10 

^^^naindCT 

...37 

38 

secant ...  0.00399 
co-sec....  0.00214 


co-siae...  9.61270 
sine 9.78576 


sum  ..  2)19.40459 

i  sum  sine  9.70229  coiresponding  to  which,  i7t 

^*^^  ctOamnF.M.  i3  ....^ 4h.  2m.  24« 

Starts  right  ascension 7    29    54 

Right  ascension  of  the  meridian  .    3    27    52 
Increased  by 24 

g^  27    27    52 

^^l?l«9*  let  iccotliit,  is  September  8,  by  N.  A.  sob's  R.  A.  nooa 11      7    20 

Approximate  time  at  the  ship  ....  16    20    39 
Ship's  longitude  30^  18^  in  time  ..2      1     13 


Time  at  Greenwich  neariy 


14    19 


^^Mx^tiMension  Septembers,        lib.  7m.  20s. 

September  9,        11     10      56 

J^ ^iBf  difercDce  »••.>■>. •••......  3      ^^     .-^  ^w.-^^«.^„  w.  ...^  ....... 

^^^nimoal&oSf  m  2m.  98.  which  being  subtracted  fhmi  the  approximate  tune  I6h.  20^  32^' 
^$«fV0  the  appaient  time  at  the  ship  16h.  18^  23''  or  4h.  18^  23''  A.  M.J    


36    The  correction  of  Table  XXXL 


neerds  24  boon,  yoa  must  Bubtract  24  boars  and  add  1  to  tbe  day  of  the  aiontb,  aad 
to  be  subtracted  are  more  than  the  hoars  of  the  time  at  tbe  ship,  700  mast  add  24 1 
'  Bot  to  tbe  siditractioii,  and  take  l  day  from  tbe  day  of  the  montb. 

Is  oirij  calcolaled  to  13  boors.    It  the  time  at  Greenwlcb  exceeds  12  boon,  yoa 

the  eorrectlaa  Cor  12  boors,  aad  add  it  to  tbe  correction  taiien  oat  for  tbe  rest  of  the  tfsM ; 
be  tbe  noffht  oorreetioD. 

ras  fiirmsbad  with  a  CbrooomeCer  reffolated  to  Greenwich  time,  the  0*s  Right  Ascco- 
_  breo  foond  at  once  from  tbe  NauticarAlmanac  to  be  tbe  sam  of  lib.  7m.  20s.  iod  te.  fli. 
tali  ttk  wbicb  labtwrted  finom  27h.  27rai  69lk  ftres  tbe  apparent  time  at  the  ship  I6h.  19b« 
fly  tea  by  tbvitovB  method.  The  nni^itimirk  will  apply  to  oib«fna|4est 


180  TO  FIND  THE  TLME  AT  SEA.  AND  REGULATE  A  WATCH. 


EXAMPLE  II. 

Suppose  that  on  April  16, 1820,  sea  account,  in  Ut  48©  5/  N.  and  long. 
Se^  W.  the  observed  altitude  of  Aldebaran  when  west  of  the  meridian  WW 
•8^  fi5',  and  the  dip  4'.    Required  the  apparent  time  at  the  ship) 

BjT*le  VIII.  fortheyearlSSO,  R.  Ai.  AMeb.....4  «5  36     Dec       16°  STN. 


Variation  for  ^  mondia 

Obf.alt  Aldeb....22^  2^ 
Dip 4 


1     Var. 


Star's  right  asc.  4  25  37     Dee.       16    8  N. 

90 


P.  dift.  73  59 


Refiractien 


22    21 

2 


Cor.  alt  Aldelf.  ..29    19 

Latitude 48    57 

Fol.dlst 73    52 


Sum 2)145       8 

iSum 72    34 

Alt 22    19 


llemainder 59    13 


secant 0.18262 

co-scc 0.01745 


co-sine 9.47654 


sine 9.8S5S4 


sum 2)19.56245 


iinmsine   ..  9.78122  corresponding  la 

in  the  columnP.M:i  is • 4k  ST 

Star's  right  ascension 4    95 

Right  oscen.  of  the  meridian. •-•  9    9S 
AprD  16,  sea  acconnti  is  April  15,  by  N.  A  when  O's  rt  asc.  noon  ....  1    34 

Approximate  time  at  ship 7    4S 

Long.  66^  W.  in  time 4    9* 

App.  time  at  Greenwich 19    II 

Sun's  right  ascen«    April  15,    lb.  34m.  12s. 

April  16,    1      37      54 


I 
19 


Daily  difference  3      _     ._,  

ponding,  is  Im.  53s.  which  being  subtracted  from  the  approximate  time  at  the  ship 


42  the  correction  of  Table  XXXI. 
Bd  from  thi 

7h.  48*    49" 


leSves  the  apparent  time  at  the  ship    7      46     56  P.  M. 


ir« 


This  method  of  obtaining  the  time  by  the  sjars  would  be  accura^^   Jf  -^ 
l^ood  horizon  coukl  be  obtained ;  but  as  thatr  is  not  always  the  cas^^ 
best  to  regulate  your  watch  by  the  san; 


To  ngulate  a  toatch  hy  equal  altitudes  of  the  8vn. 
A  watch  may  be  regulated  on  shore  by  observing  in  the  morniiB^ 
evening  the  times  when  the  sun  is  at  the  same  altitude,*^  for  the  mid3^ 
tween  these  times  would  be  the  apparent  time  of  noon  by  the  watela 
declination  of  the  sun  remained  the  same  during  the  observation ;  buC 
declination  varies,  as  is  generally  the  case,  the  apparent  time  of 
mined  in  this  manner  (which  for  distinction  we  snail  call  the  midoEE^ 
must  be  corrected  for  the  change  of  declination  by  an  equation, 
egvation  of  equal  ahUudes,  and  the  middle  time  thus  corrected  will 


and 

sbe- 


^  TlwaltitadMtbouldbelikflnwheotheconritMorfiaiffMl.  Tbe  b«l  time  Cmt 
tbe  btvinf  of  ilw  wn  k  6MC  or  w«M.    In  feiwrttl  Cwo  or  Ikne  hoon  Arom  boob  wH  kt 
artificial  hortsoi^  fixnaed  by  a  «t«el  fiOed  with  mercury,  mqr  be  oied  in  tiUng  tlaie 


_FISD  THE  TIME  AT  SUA,  AM)  KEUULaTE  A  WATCU-  itil" 

»:t  timeof  apparent  noon  bj  Uie  watch.  For  greater  acGHracT,  sereTal 
idea  should  lie  token  in  the  morning,  and  corresponding  ones  in  the  iif- 
Mtn,  and  the  mean  of  the  times  of  the  morning  an(t  evening  observatiuns 
Id  be  respectively  taken,  and  the  equation  of  equal  altitudes  corres- 
ing  to  the  mean  of  all  the  observations  calculated  and  applied  to  the  mitL- 
ne,  as  if  a  single  set  of  observntions  only  had  been  taken. 
noljng  the  times  of  observation,  you  must  count  the  hours  in  num,el':il 
ssjou,  so  that  if  some  of  the  observations  are  taken  before  ISh.  by  the 
!i,  and  others  after  i3h.  the  next  hour  to  I2h.  must  be  called  13b.  thj; 
I4h.  tu:.  Half  tUc  sum  of  the  time^  of  observation,  corresponding  to  any 
r  observation!!  (or  the  meBn.nf  a  number  of  observations)  will  be  the  mid- . 
me,  and  the  difference  of  the  limes  of  observation  will  be  the  elapsed  tiice. 
le  equation  of  equal  altitudes  consists  of  tiTo  parts,  which  may  he  ciil^ 
ed  by  the  following  rule ; 

LE  t.— To  tbeconitjiKlog.  S.SS39add(helog.  co-lsngentsf  tbebtitnilp,  Ibe  ri)g> 

onesponiliiis  to  die  elspaed  time  foainl  in  the  column  P.  M.  oC  Tjbie  XXVIL  Ih'e. 

log.  of  (he  hoim  mid  luinutenor  tbc  clups'iil  timf,  reckoned  as   minuli::  and  se- 

~id  Ibe  prop-  log-  of  thp  doily  v^ation  of  tbe  auii^t  decliaatiou,  thv  Bum^  rejcct- 


iQof  ei 


att^- 


Ta  the  c< 


ieroDibas  SEranda  onJ  thirds  rcspecUvdy- 
S.S239  add  the  log.  ca-tu«eiit  aftbe  sun's  decliaUion,  ?lie 
J  to  the  elapsed  lime  found  in  Ibe  toliimn  P,  M.  of  Table 
V,  die  prop.  log.  of  the  boars  and  aiinutes  of  the  elapsed  lime  rcekanetl  aa  min^ifes 
wconds,  uid  the  prop.  log.  of  the  dnilj  vuiatiOD  of  tiie  sun'*  declination,  Ihe  nuti, 
ting  W  in  the  iudei,  wiU  be  the  pn^.  log.  of  the  atconil  pari  of  the  cquitioa  qf 
liltitudcs,  reekoaing  miaiitej  and  seionds  as  seconds  uul  liiirds  re^wctjiclj . 
KfiralpartoT  tlie  eijuatioa  of  equal  altitudes  is  lol>e  added  to  the  nuildla  time  when 
imis  needing  from  the  cleraled  pole,  otherwise  sut>tmi.'teJ  ;*  nnd  the  Kcond  part  i* 
uUed  irheo  the  declination  is  Increasing,  but  subtraelcd  when  d<:c[ca3iDg  ;  f  these 
nnnctions,  l>eiiig  sppliudla  the  middle  lime,  if  ill  giie  the  apparent  lime  of  noon  by 
nt^ 

EXAMPLE, 
pfnse  tbil  on  the  9th.  of  Majr,  ISSO,  ciTil  account,  in  the  latitude  of  40^  N.  and 
Ift^  W.  the  folloHing  abscivuliuos  Kcre  taken  at  equal  altiUjdes  of  the  suji.    Rk> 
d  tbe  error  of  tbe  tvstcli  ! 

Alt  O's  L.  L.  Times  per  watch.  Times  per  natcb, 

A.  U.  P.  -M. 

ii^  3?  6b.  S9m.  als.  1Tb.  33m.  18b. 

IT     31 


55 


32 


IT     S9     M 


93 

Id 

IT      31 
6     31 

4 

4 

.    11.    a 

0 

i)3f     i 

y 

Diffuicncc  ia  eUpud  tbM 

Middle  time 

*aMl8g. 8.8839 

W^OT-tang. 10-0768        dec.  17-25 

-tiaciih.  Sine 9-9963        tug 

■liwilh-orll'    P.  L 1.2139 

■Dec.  1S'43''(        P.  L 1.0566 

n  IV  IS"/  p.  L _  1.1669        ad.  part  0''  36'"    P.  I„  2.4TB5 

>e  bit  pjirt  o(  this  equation  12"  I S"'  is  subtnctive,  bccuuse  the  lao  is  proeeodihg 
'''<  ttc  elersted  pole  ;  and  the  second  part  36'"  is  njditii?,  beeuMetfae  declination 
""■sing,  BO  thai  the  whole  equaiion  i.t  about  18  seconds  JidHi active;  tht>  ap- 
**■  tbc  middle  lime  lib.  Im.  4s.  gires  the  time  of  q)pan!al  noon  b;  the  wat(h 
'^S8a.  to  thai  the  natch  iti  53  secouds  too  fast  for  apparent  time. 


e.es39 

.    lO.SOSS 

.   10.8806 

1.2139 

1.0566 


^^^•n  npasnd  <ka  Ibc  tinpird  lli 
1™«  HMda  IS  fcmm,  U- •■  ~ 


KUXAB  OBSERVATIONS.  i*u) 

Tiie  angular  distances  of  tho  moon  from  the  snii  ami  pri»p('r  s1.arf«.  urr 
Xji^nerallyipTen  in  the  Naiit'icul  Almanac  trmii  umi*  (ilijt-rt  mi  cadi  suii' nt' 
ner«  to  afford  a  greater  mmiber  of  opportunities  of  oiiM'rvnfinii,  ami  lo  en.- 
able  the  observt;r  to  correct  in  a  f^reat  dc^rre,  the  i-rnir^  ni'  tin*  in:<triimeni. 
tbe  a^ustments,  or  a  faulty  habit  of  ohsiTvin;;  tlu*  rruitMrt  of  the  limbs,  bt*- 
Ouse  these  errors  have  a  natural  tendeucy  to  r<irn-ct  vav\\  uIIht,  in  lakin;c 
tbe  nean  of  obser\*ations  made  with  stars  on  ditl'irt'iit  sides  of  the  moon. 
JVevioiu  to  taking  the  ol>servation,  th«*  Nautical  Alinniac  mn.-it  bo  oxamiu- 
ed,  to  see  from  what  objects  the  distanc«'s  an:  c<nnpiitcd.  and  from  tlio5<: 
olnects  only  mast  the  distances  W  measured. 

'There  are  only  nine  stars  from  which  tiie  an;;ular  distances  are  computei* 
In  tiie  Nautical  Almanac ;  and  as  it  is  of  the  greatest  importance  to  be  abb: 
fo  discover  them  easily,  I  shall  here  add  a  number  of  remarks  which  will 
1^  found  useful  for  that  purpose. 

^he  best  way  of  discovering  any  star,  i-^  by  nn'ans  of  a  celestial  globr. 
l£  that  cannot  be  obtained,  the  timf;  of  the  star's  p.i^sin«;  the  meridian,  and 
meridian  altitude,  nisiy  be  calrulaled,  and  by  oliservin^  at  that  time,  the 
may  be  easily  discovered.  The  distances  marked  in  the  Nautical  Al- 
afford  also  to  the  observer  an  easy  metliod  of  knowin;;  the  star  from 
the  moon*s  distance  is  to  be  observed  ;  for  he  has  nothin|||;  to  do  but  to 
the  sextant  or  circle  to  the  distance  eoinputed  roui^hly  for  the  apparent 
e,  estimated  nearly  for  the  meridian  of  Ureenwich,  and  direct  his  sight 
t^  tile  east  or  west  of  the  moon,  according:;  as  the  distance  at  Grei*nwicli  was 
f«»uiid  in  the  VIII.  IX.  X.  and  XL  pap;es  of  the  month :  and  havin<; 
p^ajDd  the  reflected  image  of  tiie  moon  upon  tlu'  hori/.on  ii:Iass,  sweep  the 
iaastniment  to  the  right  or  left,  and  that  ima';e  will  pass  over  the  nought  stir. 
Iff"  jsbove  the  horizon,  and  the  weather  clear  :  the  star  is  always  one  of  the 
Ightest,  and  is  situated  nearly  in  a  line  {lerpendienlar  to  the  moonM  horn,s, 
'  which  is  the  same  thhig,  in  the  line  of  the  moon*s  shorter  axis  produced. 
The  computed  distance  made  use  of  in  swee]ii:ig  for  the  star,  may  be 
found  in  this  manner.  Reckon  tlur  apparent  time  at  the  ship  in  the  manner 
of  astronomers  (by  counting  -Zl  hours  from  noon  to  noon,  and  takin^i;  the 
^AJ  one  less  than  the  sea  aecount :)  to  this  time  apply  the  loiigitude  turned 
antotime,  by  adding  in  west,  and  suhtraetinj;  in  east  lon^^itude;  the  sum  or 
^Ifferenee  will  be  the  app-irent  time  at  Oreenwii-h  nearly.  Take  the  dis- 
^'^iKcs  from  the  Nautical  Alman<ic  for  the  time  immediately  preceding  and 
f^BowiDg  this  estimated  time,  and  note  the  diflerence  of  tliestr  distances  : 
^heo  say  as  3h.  or  VOy  is  to  tJie  diffi-rence  of  the  distances,  so  is  the  dilTer- 
*»icebe^een  the  apparent  time  at  Greenwich  and  the  next  preceding  timc^ 
*^  down  in  the  Nautical  Almanac,  to  a  proportional  part  to  be  adiled  to  the 
?«Xt  preceding  distance  taken  fnnu  the  Nautical  Almanae  if  the  distance  hi* 
iticreasing,  but  subtracted  if  decreasin{!; :  tin*  sum  or  dillen-nce  will  be  tin* 
*l*stanee  at  which  the  quadrant  or  sextant  is  u*  he  fixed. 

In  sweeping  for  the  .stars  by  this  method,  it  will  often  happen  that  two  oi* 
"^HJreare  swept  upon  at  once":  this  mij;ht  cause  some  dlllieulty  to  an  inex- 
perienced obsen-'er,  who  would  be  at  a  loss  to  know  which  lf»  make  use  «i!. 
^jemoTC  this,  the  following  description  of  these  stars  is  added. 

«AK1ETIS.  Thi4  star  bcara  about  ueMt,  distant  ^i-^'  from  the  Pkiailc- 

pfc  ^         or  Seven  Slurs  ;  it  is  of  the  sccoml  iiia;;riitudc,  and  may  Iv. 

known  bv  means  of  the  star  t  of  the  third' mai^nitude,  f«itii:ii»  I 

S.  W.  from  a  Ari'tis  at  the  t1i^l;iiue  of  .>i  dcj;rer?.    Soutit 

♦  T  from  the  star  t  at  tho  di»«t'inri.'  of  1 K  ,  is  the  star  v,  of  tin' 

^  y  fdurth  nla?nitnd^^   The  northnrnnrm^t  of  thi'*r  ^ttar**  i<  n  Arirli*. 

A!.DEB\K\N.  About  .S5"  K.  iVom  a  Aiiclis  and  I  J    >>.  K.  from  the  k'lei- 

adcs  or  Scvin  Stars,  is  the  bri^'it  f«tar  AUlcbaran.     Near  this 


L'L'NAR  OBSERVATION >.  j,,.y 

The  best  method  of  re^ilalin^  a  watrh  at  sea  is  by  taking  an  altitude  Oi' 
^^\f  sun  when  risiiiK  or  falling  qiiiokly,  or  when  bearing  nearly  east  or  west, 
^nd  notine  the  time  by  the  watch.     \Vith  this  altitude,  the  latitude  of  thf^ 
place,  and  the  8un*s  declination,  find  the  apparent  time  of  obsen'ation  by 
cither  of  the  preceding  methods  :   the  difference  between  this  time  and  that 
shewn  by  the  watcli,  will  shew  how  murh  it  is  too  fast  or  slow.  A  single  ob- 
xnration  taken  with  care  will  picnerally  be  exact  enough  :  but  if  greater  ac- 
curacy is  required,  the  mean  of  a  number  of  observations  may  be  taken.    If 
the  di«tance  of  the  sun  and  moon  he  observed  when  the  sun  is  three  or  four 
points  distant  from  the  meridian,  the  appnrent  time  (»f  obst.-r^ation  may  be  de- 
duced from  the  altitude  of  the  sun  taken  at  the  precise  time  of  measuring  the 
distiQce:  this  will  render  the  use  of  a  watch  unnecessary',  and  will  prevent 
any  irregularity  *  in  its»  going,  from  affecting  the  rcMilt  of  the  observation.    H 
*  nisht  observation  is  to  he  taken,  the  watch  should  be  regulated  by  an  alti- 
f  ucie  of  the  sun  taken  the  precedinj;^  evening,  and  its  going  examined  by 
^raeana  of  another  observation  take?i  the  next  morning ;  for  the  time  found  by 
*i  altitude  of  a  star  cannot  he  so  wrll  depended  upon,  except  in  the  morning 
■■^^  evening  twilight,  as  the  atmo>phen»  in  the  night  is  precarious,  and  th«^ 
«OTi2on  generally  ill  defined  ;  but  the  altitude  may  be  sufficiently  exact  foi* 
«**dingthe  correction  used  in  determining  the  angular  distance. 

Although  all  the  instruments  used  in  these  ob>;-^rvatioiis  ouji^ht  to  be  well 

*Hiusted,  yet  particular  care  should  be  taken  of  the  sextant  or  circle  used  in 

***^^»uring  the  nngclar  distance  of  the  moon  from  the  sun  or  star,  since  an  er- 

^J***  of  rin  this  distance  will  cause  an  error  of  nearly  .SO'  in  the  longitude  de- 

•'uo^K^j  therefrom.    When  a  great  angular  distance  is  to  be  measured,  it  is  ab- 

j  ^'^tely  necessary  to  u«e  a  telescope,  and  the  parallelism  cif  it  with  respect  to 

^^  plane  of  the  instnnnent  must  be  carefully  examined  :  but  in  mcisurin;; 

***^1  (Ustances  the  use  of  t!ie  telescope  is  not  nf  such  great  importance,  and 

^*^ht  tube  may  then  be  used,  taking  care,  however,  that  the  eye  and  point 

^  Contact  of  the  objects  on  the  horizon  glass  be  eipially  distant  from  the 

•^r^^^c  of  the  instrument.  But  it  ought  to  bi*  observed  that  it  is  always  condu- 

*^^  to  accuracy  to  use  a  telescope,  and  after  a  little  practice  it  is  easily  done^ 

^     ^^Vhilst  one  person  is  observing  the  distance  of  the  ubjecl^•.  two  others  ought 

/^  ^e  observing  the  altitudes  :  and  tlie  watch  either  suspended  near  one  of  tlie 

^t^^s^rrers,  or  put  into  the  hands  of  a  fourth  perr^on  appointed  to  note  the 

*1:i^rs;  the  observer,  who  takes  the  anjsular  distance,  giving  previous  notion 

^'?    ^lie  others  to  be  ready  with  their  attitudes  by  the  time  he  has  finished  his 

^^^rvation.  which  being  done,  the  time,  altitudes,  and  distancef  should  be 

5|^*"^fully  noted- and  other  sel^  <»!  observations  t.iken,  which  must  be  done 

^  '^^in  the  space  of  15  minutes,  and  the  mean  of  all  these  observations  must 

'^aken  and  worked  as  a  sin;!le  oiu'. 

hen  sailing 


-^^Vhen  a  ship  is  iriobc  hauled  to  the  \\\m\.  with  a  large  sea,  or  w 
**^^cjre  the  wind,  and  n»liiiif;  consiilerahly.  it  is  ditlicult  to  measure  the  dis- 
-^^cre  of  the  obierta :  but  when  Hi*'  witid  is  euoujth'  up(»n  the  quartet  to  keep 
^c  ship  steady,  there  is  nn  dijUculty,  et-peeially  in  '^mall  distances,  which  arc 
JP^^^h  more  easily  mea^llred  thdii  Idrjre  ones,  and  ure  not  so  liable  to  error 
-''^**>i  an  ill  adjustment  of  the  tt.h-=con'; :  an  observer  would  therefore  do  well 
^.  *^  noose  thoie  times  for  oltservaliun,  when  tin;  distance  of  the  objects  is  less 
_  **5^  TO'^  or  CO'^.  An  ob-ier-  -tinn  (»f  the  sun  and  moon  is  generally  much 
^Hif»f  to  take  when  the  riltitnde  of  the  moon  U  les^  than  that  of  the  sun,  be- 
tu^***  the  instrument  will  he  hehl  in  a  more  natural  ;\nd  i-asy  manner.  When 
|-  •^  muon  i-4  near  the  zenith.  !he  ohr^t  r\alion  is  gener?.Hy  diillcult  to  take,  ami 
^?*>!eio  be  errone«>U'.  beransc  tiie  oh-erver  h  forre«l  to  place  himself  in  h 
^*^'^ Agreeable  posture.     For  tlie  s:nnp  n  a"='On,  an  observation  of  the  moon  and 
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a  star  is  gcnoraliy  much  easier  to  tike  when  the  sttir  is  lower  than  tJi 
This  situation  of  the  objects  may  in  most  cases  be  obtained  by  tal 
observation  at  a  proper  time  of  tlie  day.  But  it  must  be  obser^ 
neither  of  the  objects  ought  to  bo  at  a  i(;sR  altitude  than  10^,  upon 
of  the  uncertainty  of  tlie  refraction  iu;ar  the  horizon  ;  for  the  horiz< 
fraction  varies  from  SS'  to  SO'  10"  only  liy  an  alteration  of  40^  in  1 
niometer.  This  alteration  might  cause  an  error  of  two  degrees  in  the  lo 

In  taking  the  altitude  of  the  moon,  the  round  limb,  whether  it  be 
per  or  lower,  must  be  brought  to  the  horizon.  In  damp  weather  it  i 
difficult  to  observe  tlie  altitude  of  the  stars,  on  account  of  their  dimn 
ticularly  «  Pegasi  and  a  Arietis.  Sometimes  they  are  so  dim  that  U: 
not  be  seen  through  the  holes  of  the  sight  vane  of  a  quadrant,  partic 
the  mirrors  are  not  well  silvered  ;  in  this  case  the  vane  must  be  tumc 
and  the  eye  held  in  nearly  the  same  place,  or  the  altitude  must  be  t 
a  sextant  furnished  with  a  sight  tube. 

We  have  here  supposed  tliat  there  were  observers  enough  to  mea 
tfUitudes  when  the  distance  was  observed  ;  but  if  that  is  not  the  case 
titudes  may  be  estimated  by  citlier  of  the  methods  which  will  be  Ii 
given. 

Preparations  necessary  for  working  a  Lunar  Observation. 

Eind  the  apparent  time  of  obscr^-ation  by  astronomical  account,  reckoning 
ftom  noon  to  noon  in  numerical  succession  from  1  to  21,  and  taking  the  da; 
than  the  sea  account ;  to  this  time  apply  the  longitude  turned  into  time  by  Tab 
by  adding  if  in  west  longitude,  but  subtracting  if  in  cast ;  the  sum  or  diflSue 
be  the  supposed  time  at  Ureenivich  or  reduced  time. 

In  page  VII.  of  the  month  of  the  Nautical  Almanac,  find  the  moon's  semi 
Und  horixontal  parallax,  for  the  nearest  noon  and  midnight  before  and  after  th( 
time,  and  find  the  diflTerence  of  the  parallaxes  and  the  diflerencc  of  the  semi-^ 
then  enter  Table  XI.  with  these  diflercnccs  respectively  iu  the  side  column 
reduced  thne  at  the  top,  opposite  the  former  and  under  the  latter,  will  stand  tli 
tions}  to  be  applied  respectively  to  the  scmi-diamcter  and  horizontal  paralla: 
first  in  the  Nautical  Almanac,  additive  if  increasing,  sublractivc  if  decreai 
sum  or  difference  will  be  the  horizontal  semi-diameter  and  the  horizontal  pQ 
spectively,  at  the  time  of  obserration.  To  thii)  horizontal  semi-diameter,  moit 
the  augmentation  from  Table  XV.  corresponding  to  the  moon*s  altitude,  the 
be  the  true  aend-dianxcter  of  the  moon. 

The  si|n*struc  semi-diameter  is  to  be  found  in  page  III.  of  tho^month  of  the 
Almanac. 

To  the  observed  altitude  of  the  su^^s  or  moon's  lower  limb  add  12^  bat  if  I 
limbs  were  observed,  subtract  20',  and  from  the  star's  observed  altitude  subtra 
you  will  have  nearly  tlie  apparent  aHUudea  of  those  objects  rcspcctively.§ 

To  the  observed  distance  of  the  moon  from  a  star,  add  the  moon's  true  scmi- 
if  her  nearest  limb  was  observed,  but  subtract  that  somi-diamcter  if  her  farthest 
observed  ;  the  sum  or  didierence  wilt  be  the  apparent  distance.     Bui  to  the  obsi 

•  Or  by  multiplying*  Ivjr  4  •exagmim.illy,  in  the  manner  fiiraetml  in  (he  note,  pnjE^  124. 

t  Whan  ttM>  sum  exceeds  24  faoun>,  }'ciu  must  sulxract  24  hours  and  add  one  to  the  liay  of  I 
nnd  when  the  lime  to  be  cuhtmded  U  greater  tlian  tlu'  apparent  time,  the  lattrr  must  be  Incn 
bourf,  ami  oae  day  tikeii  fnnn  the  duy  of  the  inuuth,  conrorniaiile  to  ilif  usual  rules  oi'  at 
4tub:raction.  If  the  cliniiinmeter  ui^ed  in  ta!:in^  the  obst-rvaUon  l)c  regulated  to  UrceDwic 
part  of  (be  calculation  will  be  nnnece^^ary^  because  the  reduced  tim^  at  Greenwich  will  be  g! 
iy  by  the  chrououkPter. 

X  Tbt*se  corrvcuonsi  may  l>p  fouud  easily  without  the  tnlil*',  by  viying,  m  12  hours  are  t«  f] 
time,  (n^eetlnip  12  haurs  when  it  oxreet'ls  12)  mi  is  the  difl'erence  of  semi-din  meter  or  pan 
lioars  to  the  eMmpoiiriiiiji;  corrertion.  1*'  the  reduced  time  t-aanot  be  fotu>d  accurately  in  thi 
must  we  the  nmrtt  numbers  which  ttill  in  ^m^ral  be  surticienily  accurate. 

§  These  alUtndes  arc  Kupinvted  to  be  ciV  <*n  at  sea  by  a  toreHib^rrration ;  ami  the  appHca 
above  numben  will  pive  the  apimrent  aliitudei  ciHTeaiHindin?  io  obscrvatious  taken  on  the 
comiDoa  sized  vessel  (where  the  dip  h  about  4  cir  •'>')  to  a  suflicient  degree  uf  accuracy  :  if  tl 
was  40  ur  fiO  feet  above  the  water,  r  ur  2^^  miprht  l>e  taken  tram  these  altituiieft.  The  proprle 
these  nutnbert  will  appear  by  consideriiii;  that  every  wave,by  ruiMnt;  the  ship  above  toe  I 
fiea,  will  alter  the  dip,  and  th:it  an  error  ol'  1'  or  2'  in  the  altitudes  will  in  general  cause  but  a 
inue  result  of  the  odculaiion  of  a  lunai-  jb<;crv3tfoiL,  so  that  for  all  practical  purpo^e^  the  ahoi 
nMVbe  esteemed  as  sufliciently  exact.  It  may  also  he  obterveii,  tluii  the  crmr  arising;  fnmi 
wiU  not  ceoeivlly  b»  ^rentrr  than  (hat  ari>iii;;  from  neglecttnif  tlie  eciuations  depending  on  i 
■dal  form  of  thecanh,iiud  on  the  density  and  u^uiperature  of  the  air  \  eiiuations  which  nrealn 
nccleeted 

If  any  oiw  wishes  to  obtain  (ho  nminrent  Hliitude.c  strictly,  he  mu«i.  tto-'t  tbeobserved^ahittid 
lltedlpof  Uie  horiion  taken  from  Table  \Ui.and  add  o'r  "ublni:t  the  «rnii  I'iiiinet^r  »('  the 
':ordlnj  as  flic  lower  Or  ftppft-  rnnb  wa«  ■>»  v..r\  rl. 
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^*'ice  qf  Ikt  sys  vtid  macn'^s  nearest  limbs^  add  their  true  Ncmi-diamctcrs  ;  tbc  sum  wOl  bu 
^^e  apparml  disffanee. 

Tliefle  preparations  are  necessary  in  rvrry  method  of  working  a  lunar  ob?cnratinn. 
^^  BWft  noted  methods  arc  those  of  Dunthonie,  Borda,  Maskelyne,  Uios,  Witcbelly 
Vonsi  iLC,  and  improvements  thereon  by  rariouh  autliurn. 

Duathome^s  and  similar  methods,  ba«e  one  great  aiU'aiitage,  in  not  being  liable  to  a 

^iViety  of  cases  ;  but  those  metfaodii  are  tediuu.<,  when  tablcii  uf  logarithms  to  miiiutos 

^  ire  used,  by  reason  of  the  great  exactness  rc:quirt-d  in  proportioning  the  logarithms 

^OHcoods.    This  is  obviated  in  the  excellent  methods  publi:<h(.fi  by  Rios  and  Stan^bury, 

^tihey  require  large  and  czpen-xive  t:!>*lt'!«,  and  on  that  areuuni  are  not  in  \cry  general 

<^<   WitchcIPs  and  LyonN  methods  do  not  labour  under  Ihe  inconvenience  of  requiring 

^i^  tables,  nor  do  they  require  any  partii:ular  notice  of  the  Heronds  in  finding  the  log. 

^  ^'oes  and  lug.  tangent.**,  but  the.«e  methods  are  embarrasird  uith  a  ^'uriety  of  cases  : 

'^XietinKs  the  correction!*  are  additive,  sometimes  snbtraitive,  and  lenrners  find  a  dilfi- 

^  uity  in  rightly  apply  big  them.     To  remedy  this,  a  method  woi*  f'tiblishtd  in  the  first  cdr* 

<<oii  of  thu  work,  in  which  two  corrections  were  constantly  additive,  two  subtractive, 

^d  one  small  correction  was  additive,  when  the  distance  uus  less  than  90^,  but  iubtrae- 

«^e  when  above  90-. 

'^his  method  was  further  improved  in  tlic  Appendix  to  that  edition,  by  means  of  four 

Qe'w  Tables,  which  are  inserted  in  this  edition,  and  nuniben-d  X\  II.  XVIII.  XIX.  and  XX. 

y  Baeans  of  which  the  work  is  con>iflcrably  shortened,  and  all  the  corifctions  rendered 

i^^^Caire.  This  method  will  now  lie  gi^en,  aAer  uiaknig  a  few  remarks  on  the  manner  of 

^^y>tg  the  corrections  and  logarithms  from  thc-s**  new  Tables. 

I»     *  ^t>les  XVII.  contains  a  comiction  and  logarithm  to  be  UH'd  when  the  moon*8  distance 

^£^**»  %  star  is  observed,  and  Table  W  III.  is  a  sinitlar  one,  to  \n:  used  when  the  m<Nm*» 

Ij^^xice  from  the  sun  is  objicrved.     Bnth  thei(e  Tubb^rf  an*  j^o  extended,  that  no  propor- 

(-^ JE^^l  parts  are  necessary  in  takin?  out  the  corrections  and  Itigarithms,  except  the  alti- 

l^  ^^  <»  the  Sun  or  Star  i^  les-i  than  7-  .iO',  and  at  ^uch  altitudo  an  obsenation  is  liable 

*^~'~r^oron  account  of  the  uncertainty  of  tbe  refraction  :  ^o  that,  in  using  these  tables,  it  is 

iently  accurate  to  find  the  nmnber  nearest  tu  the  ^i^en  aluiiidi*  of  the  (<un  or  star, 

Vaiake  wte  of  the  corresponding  correction  and  logarithm.     Thus  if  the  star*s  alti- 

is  IS''  33',  the  nearest  number  in  Taitle  XMl.  is  1*2     '2\\  corre^punding  to  whicla 

Correction  53'  45",  and  lng:irithm  \.^\h\. 

^Ue  XIX.  contains  the  rorrectionM  and  lo',rarithms  corresponding  to  the  moon*s  hori- 
parallax  and  ahitudf*,  both  being  found  at  the  snnie  opening;  of  the  book.     The 

tions  for  seconds  of  purallax  an<l  minutei  of  altitude,  urc  ca^ily   taken  out  by 

^"j^J^^^Kls  of  Tables  \,  B,  C,  pl.ic*d  in  the  margin.     Thr  mtthod  of  finding  these  corree- 
■  is  given  at  the  bottom  of  the  Tid>lr  ;  they  an-  ah\>i\^  iidditi^c. 
csidestbe  twologarithms  taken  fromTabh-  X\  II.  (or  XVIIl.)  and  XlX.  this  new  ruk 
3  only  four  lo'.;;irithms  to  be  taken  from  Table  \\VII.  tc  four  places  of  figures, 
to  the  nearest  minute,  it  being  in  gi'nenil  iinn<'ces*>ary  to  proportion  for  the  second:*. 
'e  shall  now  gi\e  the  rule  for  correcting  the  distance,  and  shall,  for  brevity,  use  the 
»ine,  secant,  and  co-sec»nt,  instead  of  lot:,  sine,  log.  secant,  and  log.  co-srcant  n- 
tirely,  and  the  same  will  be  obM-r\e«l  in  tbe  second  and  third  methods  of  correctinjg 
distance. 
ShorUst  Hifthod  of  enrrrctinz  thf  ,'ipparnit  Dlstanct  of  thr  C^Iof'ufrom  the  Sun.* 
^^  id  tbe  apparent  di«l:ince  of  tbe  moon  from  the  sun,  to  ihcir  appiirent  altitudes,  and 

^^^^^  tlie  half  sum.     Thediflercncc  beiw<cn  the  half  sum  and  the  apparent  distance,  call 
^£^  ,/irsf  remainder  ;  <ind  the  diflurence  bcluccn  the  half  sum  and  the  sun's  apparent  ul- 

**c3e,  call  the  second  remainder. 
^.^^_J*alfie  from  Table  XXVII.  the  following  logarithms,  which  mnrk  beneath  each  other  in 
columns,  viz.  the  sine  of  tbe  apparent  distance  lo  be  nuirked  in  both  columns,  the 
scant  of  the  second  rem:iindr  r  to  be  marked  also  in  both  columns,  the  secant  of  the 
^  remainder  to  be  placed  i:i  the  first  column,  and  the  secant  of  the  half  sum  in  the 
^ad  column.! 
^ntcr  Table  XVIII.  j[or  TabU'  XVII.  if  a  star  w:i'<  u«ed)  and  take  out  the  correction 
.    ^"Y'-vsponding  to  the  sui/s  altitude  (or  <t-ir*s  :)  take  also  from  the  same  Table  the  cor* 
^^^^"iMnding  logarithm,  which  place  in  cuhunn  Ist. 

nter  Tabic  XIX.  with  the  moonV  apparpnt  altitude  and  horizontal  parallax,  find  the 
^J^'y^esponding  correction,  which  place  under  the  former  correction,  and  the  logarithm, 
«^ach  p1ac»  in  column  2d. 


This  rule  14  ibe  vaiMO  n*  tini  for  i  nrn'riin;  iIm*  tli<iianoc  uf  ihe  inuoii  fmni  n  Mar,  txeept  in  mdin^ 
far  <tin,  and  u«inu:Tabli'  XVII.  in«iraii  i>i  Tahlf  XVIII.  Ifihe  diiiitnceof  liir  nMivn  Ironi  ii|ibiii^!s 
XvHf  painillax  niny  ri'nrittl'.y  lir  iieplrctri:.  ri>:iciriiTin^   il  .i«  a  fixed  Mar.  binI  ii«iii;;  Table    XVIf. 

"^ ever,  if   the  |il:«nrr«  h-irizciiiul  iiuiallax    i%  known,  the  nirr(«piimiin£^  ctirrec(k>ii  of  Ibe  dlslmucx: 

J*'    l»  fuuml  ne.irlv  a«  rulli>nt> : 

I  he  lUflrrcncc  Iwtve^n 
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£X.\MPLE  II. 

*  ^3JPP®*«  *^*  on  the  20tli  September,  1820,  sea  account,  at  7li.  23'  4r/', 
*  ^iT.  apparent  time,  In  the  longitude  of  166^  30'  W.  by  account,  the  ob- 
^  ^  oistance  of  the  nearest  limb  of  the  moon  from  the  star  Antares  wm 


^  IB\  the  observed  altitude  of  the  stiu-  12^  34',  and  the  observed  altl^ 
^   of  the  moon's  lower  limb  20*^  26'.     Uequircd  the  true  loDp;itude  ? 

Prepantlion. 

Eeik  account  SepY.  20.  i<<  hv  the  N.  A.  Sept.  I9d.  7b.  QZ'  43". 
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^.  9-  8^*  i3^  raidn.  lb  S3    D  lior.  par.  Sejtt.  19,  midn.  66  s7     :l(c  rpp.  air 12  .*>J 

Sept.  SO,  noon    15  40  Sept.  LD,  noon 

Di(r«:reiice  lu 

Table  Xr.  9 


JSttotuet 
r«Ii!eXJ. 

A.d;.  Table  XV. 

5 

)S.  D. 

ii;  4a 

61    3      D  ofai.  alu  L.  L ;a)  X'U 


12 


])  App.  Alt 20  C3 


^  liQr.  (.-ar. 


(iO  oC     Ob«.  Dist.  D  ^  X.  £.  tl  OS  la 
]>  S.  D. IS  43 

App.  Dist  !>  3|C 01  £0    I 


>Ui  Lof  .=Lor.  Table  XIX.  2260+10^-.  Table  G  9-2aca. 


Cerr^s^orr.  Table  XIX.  41'  49"+Corr.  Table  A  13  "-f  Corr.  Table  B  6"=42'  OC  ". 

^^la  thb  ease  the  obiect,  iiulead  of  bein|r  tbe  fixed  star  .\ntarci,liad  been  a  (riaaeC,  wbofe  luiriznnnU 

^%s  b  20",  the  eorrectlon  of  dUtanee  aiidnc  fmnn'thU  parallax,  might  be  ftmnd  hj  the  nric  In  the  doih 

ler.  Thai,  the  MOi  of  the  Cerr.  Tab.XVlL(JOr  14") and  Cor.  I  (1^39")  is  Ss>.'V  43".  B^cctiai' 6b' 

~      ~aC^  of  ite  reraaiodxr  0^  43"  ta  2.4000,  the  prop.  tug.  of  the  doable  horitonurf  par.  4ff'  is  S.4I14. 

caapu  lag.  Table  XVII.  is  8.1334.    The  som  of  these  diree  k»ss.  (rejecting  m  in  the  iadea)  is 

■1 10  iha  vrap^  hic^  of  IS"  the  reqiArtd  oorredfam,  sdkract^  from  47.>  sf  iT  tfAve  lowul, 

e  ~ri  ese4»di  «r  aad  H  wooU  (bCreldre  Vctdat  47"  2  V  ST.*" 

Z 
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To  find  the  true  HsUnee, 


111  2K 


App.  DitL       n  Kh  slnft  &.9950 

^  App.  AIL     13  ao  2  Rem.  44*  44'  Oo^  0.1825 
A  Api».  Ait.    20  98 1  Rem.  U  06   S«^  an896 

Table  XVIL     Log.  1J194 

fiTimi 
^8um 
1  U6m> 
?Rmi. 


asoM 

nroe  0LUC5 
IsmiiffrH'  Sec  OiSSBB 
Table  XIX.  Lop.*      .l~ 


57  14  1  Cor.  5'  36"    p.  L.  1.J066  \2  Cor.  44'  56^'  P.  L. 
24    € 
44  44 


To  find  the  UmgUude. 

TruednUnce 81  11  51 

Dist.  by  N.  A.  at  I8h 80  57  28 


BifiereQCc 


Diflt.  by  N.  A.  at  18h 80  57  28 

atSlh. 82  50  17 


Difference 1  52  49 


Add. 


0  22  57 
18 


Ap^Dht.li%sS>2bw 
TlibleZVn.        fiB<T 

lybtoXOLt  a<» 

Oorl  »» 

Oor.2  44  5B 

IMeXX.  89 


True  distance        tt  11  M 


14  23        P.  L.  1.0974 


P.  L. 
P.L. 


2029 

8945 


Time  at  Greenwich 18  22  57 

Timeatship ..-^ 7  23  45 


Longitude  in  time 


)0  59  12=1640  48"  W. 


EXAMPLE  in. 

Su^ose  on  April  £5th  1820,  at  2h.  A.  M.  sea  account,  in  the  longitude  ol' 
166^  E.  by  account,  the  obsenred  distance  of  the  moon's  forthest  Kinb  flroia 
Antaires  was  760  S^'  15",  the  observed  altitude  of  the  star  25^  84',  the  obaerr- 
rd  altitude  pf  the  moon*s  lower  limb  17^  59^.    Required  tiie  true  longitude  ? 


PrtpanHm, 

Sea  account  April  25,  or  by  N.  A.  April  S4lh 
long.  IB&*  E 


I4h.  0* 
II'      4 


Reduced  lime 

Ij'jS.  1^.  April  24,  ijoon      14'  51" 
midn.    14    £3 


April  24th 


2     66 


DIflerenoo 
Table  XI. 


2 
0 


]>*s  Uor.  Per.  noon 
mlda. 

Diffiprroce 
TaUe  XL 


54*  23" 
64   31 


sic  Obi.  Alt 


t 

2 


Sum  14    51 

Aug.  Tab.  XV.  5 

Sub.  D  S.  D.      14    56 


^CAppwAH.  __    _- 

]>  Obi.  Ah.  L.  L.    IT   M 

mm  IS 

])  Uor.  per.       64    35       ^  App-  Ah.  It    li 

Obe.Dlit.        1S*8ri5" 
Sob.  P  fr  9l  14  W 


To  find  the  tt-ue  distanee. 


,  '■  Col.  let. 

Ajtj*.  Wit.     76    17  j  t\M  9.9874 

5K  Ap.  All.  23  30  |21lnn.S50  29*  cii-ic  O-SSKJ 
]^  Ap.  Alt.  18  11  I  Rem.  ITO  18'  fee.  aOSOl 
Table  XVU.  log.     1.5794 


Sma 

{  Sum 

1 

2 


117  68 

58  69  j 

17  18 

35  20! 


lCor.2  42 "P.L.   1.32ai 


Col.  2d. 

Mme  9J874 

mme  0-2362 

^80111580  59'  nor.    02879 

Table  XIX  log.;       24S2 


2  Cor.  31'  40"  P.  L.  0.7517 


A^^  DM.        19   tt  S9 


App.  Dist.  lea  2=14  IT  i» 

T^bleXVIL  Vi  tf 

TkbleXa.^  10  A 

I  Cor.  2  49 

SGor.  8i  4S 

TiMeXX  91 

TroediiMKe  W  «  4f 


•  TUB 


TUIe  XIX.  188S-HIarr.  Tribto  C  6  5=1888. 

lUlB  XDL  V  6"+Oorr.  TUile  A  ST'-HHirr.  tybk  B  S"s:5'  r'. 
Tlible  XDL  9064-0orr.  T^  0  fcsctCSL 
.  ^  TUB  Coir«ODaw  TMe  XDL  lOr  19"-H3«r.  DA.  A  V+Oon*.  T«b.  B  C'slO'  51' 


!T1ib. 


JiUNAB  OBSKRYATiONS. 
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^m  ^F  ^Hi^^HV    W^^P     "w  ^^^  ^H^^B^K  Vv^^VB^C 


ThieakUHMe  76P  oof  46*  )  _afc,„^  ^  ,^  ,-j,, 

ir.A.*t«..«a.  76  00  g  |^;s::r^jf 


Add 


Oh.  O'  «4" 
3 


p.  L.  t.9548 
P.L.  3011 


P.  L.  9.6S31 


<      Tine  ftt  Greenwich    3    0  94 
Tom  at  Ship  14 

DHfereiiceifllonc.intiaie  10  59  36^1640  54^  £.  from  Gnoenirich^ 


EXAMPLE  IV. 

Siqipose  that  od  the  3l8t  October,  1820,  sea  account,  at  about  Ih.  P.  $1. 
in  ttm  mgitude  of  75^  W.  by  account,  the  foUowing  obsenrations  of  the  mm 
od  noon  were  taken.*    Required  the  true  longitude  ?  * 

Preparation. 


Tint  pel 

•watch. 

OfawnreU  distance. 
0  C       N.  L. 

Obeerted  Alt.          Ohserved  Alt 
0  L.  L.                  ]D  L.  L. 

Olb 
0 

* 

59     8 

0  10 

1  4 
1    53 

68*  43^  49^ 
43    18 
49    47 
49    90 
41    56 

45^   57' 

1.         48 
44 
39 

17-^  IS' 
17      9 
16    59 
16    48 
16    36 

•)  5 

0   90 

14    10 

940  j                   84     50| 

'  AiMl 

0     4 

68    49    50 
0  8.  D.    16      9 
>  8.  D.     14    53 

45    4t5 
add          19 

16    58 
add             19 

69    13    59 
Aii|i.l>ist 

46      0 
App.  Alt  0 

17    10 
App.  Alt  ))• 

Sea  account  31  Oct  or  N.  A.  Oct  30d.     Ih.    O'    4^ 
I.on|e.y50W. 5 


FHqffd  tioie  Oct 
3S.1^0et  30,noon  ....  14' 50^' 
aidn^^t..  14  48 


.  30d.     6b.  neaa%. 
i  Hor.  Par.  Oct  30,  noon   54'  91^ 

midn.  54  13 


TMbXL 


Aj*i.TMeXV. 


9 
1 


Difference 
TeUeXI. 


8 

4 


14    49 

4 


D  Hor.  Par. 54    17 


>8.D 14    53 


To  find  the  inu  ifutejKf . 


nrnt 


9    « 


doe  anon 

tHtreo-t.  0.461t 
t    tMc   04X»6 


66191 
XIX.1qf.« 


adTOUAigiM.  to 


0481 
OUMI 


I  Cm.  tar*  T.  L.      MllO  S  Cor.  isr  U"  p.  L.  lotm  Tftbte  XX. 


xvm. 


MmiOor. 
SCor. 


ThM  dbtance 


*  Tlih  G9vr.:B0Drr. 


Ah.  XDL  ilM-KOT.  T«^  0  3=2497. 

••  TUi.  XIX.  Itr  lS"4Corr.  Tak.  A  40"4eorr.  Trt.  B  0"=«ir  tt' 


IS  As 

SB  II 
10  52 

15  14 

et  40SS 


\Zi 


LGJSA:^  OBSEKV\1?ioSiA 


To  fitid  the  One  longibtdf. 


By  N.  A.  Di.t  at  6h.      68    40.  29   jS|j!™'°  ?    of   .t     I'V 
Br  N.  A.  Dist.  at  9Ii.      67    19    11    ^^'fierewo  *     «     1»     *'•  *; 


Oh.   0'   13" 
add        6 


L. 


,.•  * 


345S 


P.  L.    2.91tH 


Time  at  Greenwich  6      0    13 

Time  at  Ship 10      4 

Diflrrcncc  is  long,  in  time  5      0      9  =75<^  2' W.from  Ortenwiirlft 


EXAMPLE  V. 

m 

Suppose  tbat  on  the  5tii  May,  1820,  sea  account,  at  about  4b.  4'  P.  B£-  in 
the  latitude  of  SO^  1'  S.  and  in  tlic  longitude  of  1^  E.  by  account,  the  fol- 
Mwing  observations  of  the  sun  and  moon  were  taken.  Required  the  trU'e 
longitude  ? 

Preparation. 


Obierved  Dist 
0  3)    N.  L. 


Mean 
Index  enrora 

Cor.  Index  errors 


101-  4^ 35' 
40  92 


»)   124  27 


Obscr^-ed  Alt 

14^  53' 
15    21 
15    49 


46 


101     41  29 
—     3 


15    21 

—      3 


101  41  26 
0  S.  D.  15  52 
ID    S.   D.    16  14 


102     13  32 


1    App.  Dist.  0  App.  Alt. 


add 


15    18 
IS 


15    30 


Observed  Alt. 
J»«  U.  L. 


« 

41^  bV 
34 

4 

% 

41     32 

+      8 

41    40 
flub.  80 


41    20 

J>  App.  Alt 


Sea  account,  May  5,  or  N.  A.  May  4d.  4]i.  4' 
Longitude  1"^  E.  .# 4 


Reduced  time  . .  • 
]>  S.  D.  May  4,  noon   16'   3' 
midnight   16    6 


. . . .  May  4d.  4h. 

»  Ilor.  Par.  nopn 58^  ^ 

midnight 5S    5S 


DTflctencc 

Table  XI.   .••.•«••. 


3 
I 


Diflfercnce 
Table  XI. 


1» 
3 


16    4 
Auz.  Table  XV 10 


D  Hot.  Par.   5d    f»11 


]>  S.  P. 


••«••■•••«{ 


16  11 


App.  DiM.      102  M 

fApp.  Ait.    15 
Api^Alt.    41 


a02 
SOI 


4  tSam  1 79  a2 

IM.  Rem*       122  47 
2d.  Re;n.        64    2 


Tofmd  the  trat  dhtmicK 


»\ae  9.9900 

Reni.640  2'  co-se.  0.0462 
Rem.  2S  42  lec.      0  Q890 
TfebtoXVilLlof.      1.4267 


mme  9Ji900 

nme  00462 

k  sum  790  Sa*  wc  07407 

Table  XIX.  k^.  1961 


I  Cor.  B'  43"  r.  t.    1.4971^  2  Cor.  19'  12''   P.  L.    .9720 


Ap.  Dif.teM  'i^slOO  19 

TWrieXVIIL  M 

IWitoXIX.  It 

isbOor.  f 

9d.  Cor.  18 
Tabic  XX. 


•  t 


TruedbOmea      lOi   9k 


BfOanm^Uil 


TA'NAB  0BSBRVAT10K9. 

To  finJ  Iht  Bfpartjtt  Kmt  mJ  Inu  limfilodf. 


3JI9.I99W 


I  w  n  p.  L        Mtj 


liun'innle  kn  lime  3  SIbd*  37'    E.  fnn 

EXAMPLE  VI. 
n  Ih*  eib  of  FehniMj,  iBiO.  tea  Brcouni,  si  «bonl  Hh.  36'  A.  M.  in 
!l  -'  W.  {torn  Greentrich  by  nccount,  rii   distance)  or  the   ran   snil 
uii)ii  ircre  DbserrHl  bj  a  circle  of  reflerllon  lo  be  464''  IC  IS"  the 
les  and  allilwles  being  as  in  Ibe  folloning  T^ble.     Reqaind  the  lEire 


/Vrpo. 

olion. 

II- 

Ipparent  time  psr 
"ilrtcfc.  A.  M.' 

0  «    N.  L. 

ObMncJ  Alt. 
0  L.  I.. 

(ibBerted  All. 

Bh.  33'    24' 

M     36 

1    -U     18 

— ■         36    36 

^»       37      4 

39      2 

Sum  of  tfai  dis- 
tance!   lakcD 
rroDi  the  cir- 
cle Bt  the  end 
of  the  ubur- 

f 

34 

34 
35 

13 
31 
31 

39 
3 

61°    47' 
61      35 
61      37 

61        9 
60      45 

• 

6)          36      0 

464'J  10'    la" 

206 

48 

368        0 

r.  • 

8     36      0 
App-tioie 

77     31     43 
0  S.  D.    16     14 
])   S.  D.    IS     56 

34 

ndd 

n 

61      SO 

sub.               SO 

77     33     as 
App.  Di.t. 

34 
©  App.  AK. 

40 

61        9 
E  App.  Alt. 

*■  «4£>ha  r«tu  mu»  b  raninl  1>T  ■dding  U»  &cl 
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To  find  the  true  longitudf. 
BvN.ADi.tFeb.7.81h.    78    ^3    41   ^^^^^^^   ,     3,      ,   p  j,.      9908 


Ih.   C  22"  ?.  L.      4743 

add    21 


Time  at  Greenwich  22      0    22 

Time  at  Ship  20    36 

Diff.  is  Long,  in  time  1     24    22=21^  V  W.  Crom  Green wicii- 

Secoad  method  of  finding  the  trve  diMtance  of  the  .Voon  from  the  Sun  or  a  Star, 

From  the  son's  refraction  (Table  XII.)  Uke  his  parallax  in  altitude  (Table  XIV.)  the 
remainder  will  be  the  correction  of  the  sun^s  altitude. 

The  star's  refraction  (Table  XI  i.)  is  the  correction  of  its  altitude. 

From  the  proportional  loniritbm  of  the  moon's  Horizontal  Parallax*  increaaiqr  t^ 
index  by  10,  take  the  sine  of  the  moon's  apparent  zenith  distance  (Table  XXVIl.  j  tht 
lemaindcr  will  be  the  prop.  log.  of  the  parallax  in  altitude,  which  must  be  found  in  Tible 
XXII.  and  the  moon's  refraction  (Table  XII.)  subtracted  therefrom,  the  remainder  will 
be  the  cofrectioB  of  the  moon's  altitude.! 

Add  together  the  apparent  distance  of  the  sun  and  moon  (or  star  and  moon)  and 
their  apparent  lenith  distances  (or  complement  of  their  apparent  altitudes)  and  note  the 
htdf  gum  of  these  number* :  the  difference  between  the  half  sum  and  the  moon's  appa- 
rent zenith  distance  call  the  fird  remainder  ;  and  the  difference  between  the  halTsoDi 
and  the  sun's  (or  star's)  apparent  zenith  disUnce  call  the  eeeond  rtmamder. 

To  the  constant  log.  9.6990  add  the  co-secant  of  the  half  sum  and  the  sine  of  the 
apparent  disUnce  (both  taken  from  Table  XXV fl.)  the  sum,  rating SUftxm  the  index, 
will  be  a  reaerved  logariikm. 

To  the  reserved  logarithm  add  the  sine  of  the  sun's  (or  star's)  apparent  leaith  dis- 
tance, the  eo-sccant  of  the  first  remainder  (both  taken  from  Table  XXVIK)  end  the 
prop.  log.  of  the  correction  of  the  sun's  (or  star's)  altitude  (Table  XXII.)  the  ewn,  re- 
jecting 30  from  the  index,  will  be  the  prep.  log.  of  the  firat  correction  to  be  ftnnd  in  Ta- 
ble XXII. 

To  the  rcserred  logarithm  add  the  sine  of  the  moon's  apparent  zenith  distanoe}  the 
ro-secant  of  the  second  remainder  (Table  XXVIl.)  and  the  prop.  log.  of  the  eonectioa 
of  the  moon's  altitude  (Table  XXII.)  the  sum,  rcgectiiig  30  from  the  index,  will  be  llie 
prop.  log.  of  the  second  correction,  to  be  found  in  TiJ>le  XXII. 

Then  to  the  apparent  distance  add  the  correction  of  the  moon's  altitude,  and  the  ftcat 
correction,  and  subtract  the  sum  of  the  second  correction  md  the  correction  of  the  aan'a 
nltitude,  the  remainder  will  be  the  corrected  distance. 

Add  60'  to  the  correction  of  the  moon's  altitude,  and  60'  to  the  difference  between  the 
oorrection  of  tlie  moon's  altitude  and  the  second  correction ;  find  both  these  sums  in  the 
side  column  of  Table  XX.  and  in  either  of  the  vertical  columns,  under  the  cmTBCted 
distance,  find  the  seconds  corresponding, §  the  difference  of  these  two  numbers  wiU 
be  a  number  of  seconds  to  be  added  to  the  corrected  distance  when  leas  than 
90^,  but  subtracted  when  aboTc  90^,  the  sum  or  difference  will  be  the  true  distance. 

*  Isstcwl  of  finding  the  SBoon's  lioriMntal  p«rallai  from  ihe  NaatiraJ  Alimnar,  we  may  find  the  pro* 
ponlonal  bgvithm  tbereof  in  ibe  same  page  o(  ibe  nonih  of  thai  work.    Thus  if  we  wonki  wort  SX* 
Mnple  UI.  preceding,  Inr  thU  nde,  we  mif^ht  tolie  nut  the  lo;:,^  5!9d  and  3i87,  instead  of  tbo  Hor.  Ftf- 
24'  '^S"  and  o4'  31",  and  obtain  by  nicnns  of  Table  XL  the  tought  log.  5id5  without  referring  to  Tkr^ 
bleXXIL 

t  All  these  cnrrecfionii  may  he  fi.und  bv  nK*aa»  of  Tiibl<>s  XVII.  XVIII.  anil  XIX.    Thns  tbo  coi 
tion  of  Table  XVII.  suNractcd  from  CO  m'innlei,  will  frive  the  correction  of  the  star's  aliitvde.     Tho 
rection  of  Table  XVIII.  niblracted  from  60  minutri.  will  irive  ibe  correction  of  thr  sun's  nlliliidOi 
corraction  of  Table  XIX  subtracird  from  fid*  41:''  will  vive  tho  anrectioii  of  the  moon'k  altitude 
huis  tlie  use  of  iheae  Tablet  in  this  and  in  the  followinfr  melhott,  would  ni>t  be  ioconrenlent. 

X  This  loi;(arithm  was  found  before,  in  calmlaiing  thr  rurrection  of  tlie  nioonV  altlcndc. 

(  Olwerving  to  ulie  both  numbers  tbuii  the  <anie  vertical  column     It  may  he  observed  that  tto 
ten  In  one  of  thr  eolamns  of  Table  XX-  of  thi^  collection,  arr  the  same  m  clioae  of  Tktble  XUL  oT 
tkm  I,  and  the  numbers  In  the  iitlier  column  difler  18  '  from  ilie  Ibrmer  ;  but  the  numbers  la  tl 
eolnmn  of  Table  XIX. direr  6&  from  tiiose  !:<  Table  XX.  «»  thnt  in  u»in' Table  XIX.  edltioB  li 
uiraecesBsry  to  add  60'  to  the  ci>rrection  of  ih*>  moon's  nliiiiide  and  the  nr>.t  cfirrecik>n  \  this 
tftal  l^ble  rather  morr  cnnveni^nt  in  l\m  wmnd  mcUiO'l,  than  T:>iilp  XX.  of  this  co^Iecfliin. 


LUNAR  OBSERVATIONS.  ITj 

KXAMPLEr— (IA«  soflM  «  £xmi^  I.  preeolfaif .) 

SufMie  the  •pparent  distance  of  the  centre  of  the  moon  from  the  it«r  Aldehtnn 
..IS  47^  33'  48",  the  tpp&rent  altitude  of  the  ftar  5(F  31',  the  appoent  aKllude  of  the 
moon'i  centra  70*^  47,  and  the  proportional  logarithm  of  the  moon*a.horizontil  ptnllax 
5199.    Beqiiired  the  true  diitance  of  the  moon  flrom  the  star? 

80*    0'  90*   0"    Hot.  Ftr.  F.  Lor.  lOKtW 

^Ipp-Ak.  1047    )|cA^  Alt       «3l     >  E.  a  10»  l^dm       8JI74        j^mtfracO" 

>  Zea.  Dirt.          13    19     :|c  Zen.  Din.   39    39  17'  Si'T.  L.      IjOOCj 

>BeliracUoa  ....  90 

Oor.  )  Ak. 17   M 

Am.  DM.             47*  U'    CoMlaM  tof- 9.6990 

yfa&MM.       19  IS   *8«i  ap  rcD^ee.    .  .  .    iao969 

i  Ian.  DbC         99    89     bfal.      47-  84  dot      ....       9.9891 

Sm  106    16    BcMTvad  Lop.  9l6840    Itcttnred  Ldf .     .       .     9.€t>40 

ItHi  «     9     4eZnLOI«.  900 n' line    .  a9084    ft  Zea. OlM.  19*  iST slae  915174 

)|M.INil.  19    18     t  Ban.  89  Aft oo«c.     ....       aU84    2d.  Enn.  18  88  ohmc.     09371 

lAftiB.  as  aft   d|eciar.o'4r'P.L.    ....     2J9ia  ^Cor. irsi"  p.l.     1.0106 

■Ofi^  as     9     1  Oor.  1 » p.  L. S.0981   ad.  Cor.  87  19  P.  L.  O.CPi 

itZta-lNtf.         39    »  

aLRoa.  IS   ao  Appureat  dtstauce     ....    47*  83*  49" 

..^   C  Ffnt  Corractioa    '  .  I    S9 

^**"  I  Cor.  1>  Alt       .       r-      .     17   3i 

R«K  l«.  ror.ar  19")         47  as  61 

^"^  i  Cor.  JlC  Alt  47    J     •  89     g 

CorreetMl  distance  47    24   4t; 

Correction  Table  XX.  I 

True  distance  47    34    47  dilTering    3"  froia   lite 

former  Bietliod. 

"^  We  aijin  Btw  give,  a  third  method  of  correcting  the  apparent  distanee,  heiiig  an  iai- 
proveBcnt  on  Witcbell*!  method,  which  was  pubUshed  in  the  former  edition  of  this 
voik.  Thu  in^irOTement  was  made  in  consequence  of  a  sngsestion  from  a  gentleman 
emJBtmtly  dbtiajgniilifid  fbr  bis  mathematical  acquirements,*  that,  by  a  small  \-ariation 
io  die  ralcniation,  the  number  of  cases  might  be  lessened :  and,  luon  examination,  it 
^ras  Ibimd  that  bj  making  other  alterations,  the  number  of  eases  m%ht  be  farther  dc- 
rwaaid,  and  the  manner  of-  applying  the  corrections  rendered  mora  simple.  The 
method  tbas  improred  is  as  follows. 

Tkird  method  of  finding  the  true  dUtm^u  ^  the  Mom  from  the  Sun  or  Star. 

Tnm  the  sun*s  refracUon  (Table  XII.)  take  his  paraOaz  in  altitude  (Tabic  :il\.) 
the  remainder  will  be  the  correction  of  the  sun*8  attitude. 

Tht  star's  rafraction  is  the  correction  of  its  altitude. 

From  the  proportional  logarithm  of  the  moon^s  horizontal  parallax,  increasing  the 
index  by  10,  take  the  co-sine  of  the  moon's  apparent  altitude  (Table  XXVII.)  &  re- 
mainder win  be  the  proportional  logarithm  of  the  moon*s  parallax  in  altitude ;  firou 
which,  subtracting  the  moon^s  refraction  (Table  XII.)  the  remainder  wiU  be  the  correc- 
tion of  the  moon's  altitude.! 

1.  Add  together  the  apparent  altitudes  of  the  moon  and  sun  (or  star)  and  take  the 
half  sum  ;  subtract  the  lesser  altitude  from  the  greater,  and  take  the  half  diiierencc ; 
thai  «dd  together 

The  tangent  of  the  half  sum, 

The  co-tangent  of  the  half  cUflerence, 

The  tangent  of  half  tbc  apparent  distance. 

The  sum,  r^cUng  SO  in  the  index,  will  be  the  laiigcnt  of  the  angle  A,  which  must 
he  sought  for  in  Table  XXVII.  and  taken  out  less  than  90^  when  the  sun's  altitude  is 
'^s  than  the  moon's,  otherwise  greater  than  90^.t    The  ^erenoe  df  the  angle  A, 

^  TbelstsCMerJattkeFanonf. 
I  These  corredlnn-  may  be  found  by  Tabtei  XVll.  XVIIL  XIX.  as  was  iboirn  ia  the  noCe  (0  the 

lad  aelbod^  pi^  174.  

Every  ciManiaii^  TUite  XXVII.  conresponiU  to  two  an«1«v,  one  grsatfer  tbao  99".  the  oQtft  I<-s«: 


ITti  LUiNAR  OByKRVATlUiNS. 

and  half  the  apparent  distance,  u  to  be  called  tbe  finl  ongley  and  their  sum  the  second 
angle, 

2.  Add  together  the  tangent  of  the  fir:>t  angle. 

The  co-tangent  of  the  sun  or  stOLr's  apparent  altitude. 

The  prop.  log.  of  the  correction  of  the  sun  or  starts  altitude. 

The  sum,  r$>^Bcting  20  in  the  index,  will  be  the  prop.  log.  of  the  ftnt  correeUon. 

Or  the  redtiction  (Table  XII.)  corresponding  to  the  first  angle  or  its  supplement,  will 
be  the  first  correction  nearly ;  particularly  if  tlie  altitude  of  the  sun  or  star  be  great,  aiid 
the  first  angle  be  near  90-\ 

3.  Add  togetheri  the  tangent  of  the  second  angle. 

The  eo-tangent  of  tlic  moon's  apparent  altitude, 
The  prop.  log.  of  the  correction  of  the  moon's  altitude, 
The  sum,  rejecting  20  in  the  index,  will  be  the  prop.  log.  of  the  second  correcti9ii. 

4.  The  first  correction  is  to  be  added  to  the  apparent  distance  irhen  the  lint  UKie  Is 
less  than  90"^,  otherwise  subtracted ;  and  in  the  same  manner  the  second  comctm  i» 
to  be  added  when  the  second  angle  b  less  than  90^,  otherwise  subtracted.  By  wpfHijmg 
ihese  two  corrections,  we  shall  obtain  the  corrected  distance  or  Unrd  ant^. 

5.  Add  SO'  to  the  correction  of  the  moon's  altitude  and  to  the  second  correct iou  ; 
find  both  these  numbers  in  the  side  aolumn  of  Table  XX.  and  in  either  of  tbe  vertical 
columns,*  under  the  third  angle,  find  the  nuiftbers  corresponding; ;  tbe  difference  of  tbeie 
two  numbers  will  be  a  number  of  seconds  to  be  added  to  the  third  angle  when  lest  tliui 
90^,  but  subtracted  when  above  90^',  the  sum  or  diflerencc  will  be  the  true  distance. 

Thus  it  appears  that  the  first,  second  and  third  corrections,  depend  on  the  first,  eeeonA 
and  third  angles  respectively  ;  if  either  of  those  angles  be  less  than  90^  the  ecrrttponding 
eorreetion  toitt  be  addUhe :  but  if  more  than  90^,  subiraetive.  This  rule  being  unifonn 
for  ^plying  all  three  corrections,  maizes  it  more  ea^<y  to  be  remembered. 

EXAMPLE — {the  same  as  Example.  I.  preceding.) 

Suppose  the  apparent  distance  of  Uie  centre  of  the  moon  from  the  star  Aldcbanin 
was  47^  33'  48^,  the  apparent  altitude  of  the  star  5a  -  3l\  the  apparent  altitude  of  tbe 
moon's  centre  70'^  47',  and  the  proportional  logarithm  of  the  moon's  hortiontal  parallax 
5199.     Required  the  true  distance  of  llic  centre  of  the  moim  from  the  star? 

^  Aim.  Alt  TOO  AT  Her.  Par.  P.  L.  105199 

:tC  App.  AU.  60    31  D  App.  Alt.  70«>  47'  oor.     IIJ174  i|C  Xcf.  4T  - 

Sum    •    •  r2l    18  HaU  Suin  GO^  ^        (an.     i0.2oC02 


Oifl/    .  i  20  lenairnifr.  io    s      cim.   io.T47ni 

lUlfDist.    29    47         tan.      0.64415 


Din'cr.  Ls 


An-le  A     77 

U 

22 
SI 
47" 

42 

Uin. 

t.iii. 

co-t. 

P.L. 

P.L. 

10.64  u:: 

fxtAni'le    5S 
stcAp-Alt.  SO 
Cor.  :/^  Alt. 

10.1237 
9.9158 
2.S613 

rirst  Corr. 

2.1058 

17'  54"   f.  L. 

1.0023 

20      ]>R< 

efivetioB 
D  Ah. 

■Dce      47*  sar 

• 

17  34     cor. 
Apparent  Dist 
m  cor.  add 

4a 

42 

2d  cor.  su1>. 

47    54 

90 

Sd  Anij^Ie    . 
3d  cor. 

.    47    24 

•        • 

48 

1 

True  disiance 

.  47  a 

AT 

Difl*.  2"  from  the  Curmcr  method.. 
^um » isCiTOud  Angle  100   ca         tan.      ia7l40 

DApp.Alt.70   47  «M.        AMan 

Cor.  p  Alt.       17'  31"  P.  L,      I.Ol'K) 

So<Wil  ror.         0  41    T.  L.      l.2t6J 

ir  tliC  slarVs  altitude  bad  been  grroatcr  than  the  nlOon^•(,  the  ani^lu  A  would  have  b 
102^  5V.  The  first  angle  in  this  example  U  53-  Hi*  and  the  refraction  (Table  X 
corre^nding,  is  -13",  which  is  nearly  equal  to  the  first  correction. 

JSUthod  of  taking  a  Lv.ijr  Observation  by  one  obserrer. 

Three  observers  arc  required  to  make  Uie  necessary  obserrations  for  determii  ^^i*lKf 
the  longitude ;  one  to  measure  the  di:'tance  of  the  liodies,  and  the  others  to  take  ^^^ 
altitudes.     In  case  of  not  having  a  sufficiont  number  .of  instruments  or  obaerrer'.^*    ^ 


-  Doili  nunibeni  iui«t  Iv  tniien  from  the  ^iim*?  trriicnl  column,  ns  v***  nl)srrved  in  the  n4ie  1^        •  "* 

••itMiiI  mrfh'I.  aftil  ilie  otlic;-  rcma:'1.?  «if  iln!  r'»tc  ure  a;^licJ;''lc  lo  llil-  r:eJli^vl. 


liUNAJl  OBSERVATIONS. 


T  ikn  Uie  ^ntodts  il  has  becu  cuslainu7  la  otcuUle  them  ;  Ihete  being  gn«n  Ac  la- 
titude tif  ibe  place,  Uie  sjipircnl  lime,  the  righl  SMviuionii  aoJ  the  dKliiiationi  o(  Ihe 
'•*HKCli.  Tbcw  calruliiLioiu  org  long,  when  an  nllilude  of  a  alar  is  lu  be  vomputed, 
aiul  oiucb  marc  »  whin  Ibal  or  the  moon  i*  required  ;  and  a  coniiiloraMr  ucgrri:  of 
licaincj  »  required  In  lindiiig.  rroni  the  Nsulk al  Almanac,  ibe  idood'a  ngbl  iKi'iiiion 
uihI  dBdinaUoii,  wliirh  mufl  be  liable  lo  same  error  on  arcount  of  Ui«  unccrtniutf  of 
ilie  Mft't  longitude.  The  roUairuig  metbod  of  obtaining  tbtwe  aJlilodcs  ■■  (u  more 
tJDifk,  and  ■uffidcnll]-  4ccurale.  Tbii  nelhod  depend!  on  Ihe  lug^Huilioa  Ibat  ibc 
aluindes  ini-'reue  or  decrease  uDUormlj. 

Bctan  jou  mcaaure  Ihe  disluiec  of  the  tfodtes,  lakn  their  nltiludei,  uij  nolB  the 
liiBei  b]r  a  watch,  then  measure  Ihe  distaiiee  and  note  Ihe  time  (or  jmi  usy  aieuure 
a  Diunber  of  diitancea,  and  nale  Ihe  correspandin);  times,  and  lake  the  mean-ur  all  lbs 
time*  and  distancea  lur  the  lime  and  diatiocc  respecCiielj) — alter  jou  bate  meiuured 
tbc  dMancei,  again  measure  Ihe  allJtudes,  and  note  the  limes  :  Then  from  iLe  two 
Bbomtd  kUUudea  of  either  of  Ihe  objects,  Ihe  sought  altitude  of  that  otyeet  msy  be 
(bond  id  (be  foUowtne  nunner  ; 

Aid  UpIiwT  the  proportional  losarilbm  (Table  XXtl.)  of  the  taiiation  of  ahicude*- 
of  tbe  otyccl  between  Ibe  two  limes  of  obterring  the  allitudeg,  and  the  prop.  log.  of 
ibc  time  ebpmi  between  takipg  (he  Aral  altitudi;  and  lueEuuring  the  diilana  ;  Cnxa 
Um  aam  subtract  the  prop,  lug-l  o(  Ihe  time  elapsed  lielween  obsening  thn  two  altitude* 
of  IhnI  nlyecl ;  Ibe  remuDder  will  he  Ibe  prop.  log.  of  the  eorrertion  lo  he  applied  to 
Ae  Aiat  altittide,  addilire  or  subtrutive  Recording  as  the  altitude  was  increasing  Or 
dacMarias  ;  to  the  sltilude  thus  correcled,  apply  the  correction  for  dip  of  the  bolitou 
MadaenMlalneler  tu  unial. 


EXAMPLE. 


t 


t    V>   \         n   so 

iQ-     .    *  -;»         ■  =" 


B  '1 L.  L.       Time.       All.       0  *•  L. 

KHW       tb.  ao.  ah.       %•» 


\^^U^«m>ot 


.•  B-    F.I.    4m 


<f)a    p.  L. 


'Si. 


_^^in  at  tlw  time  3h.  4'  30",  the  mean  obserred  distance  of  the  sua  and  moon'i  near- 
T^  Itata  «M  40°  0' 40",  the  >IUludeo(  the  moon's  lower  Umb  31°  &,  and  the  ijttliide 
JT^  *ha  san'*  Iowet  Umb  39°  SO* ;  these  ■liiludes  miut  be  corteeled  for  dip  and  semi- 


I7« 


LUNAR  OBSERVATIONS. 


,  In  this  mtnnar  I  hmve  often  obtiiiied  the  altUiidet  in  tnucli  Ism  tiiM  IIhm  tiMf 
kave  been  obtained  by  other  cnkmlations. 

The  rame  method  umy  be  used  for  finding  the  sun*!  altitude,  when  lekiiig  en  iriiiattic 
bj  noting  the  times  of  taking  the  observations  by  a  watch,  and  taking  two  altitiidai 
the  one  before,  the  other  fl^  the  observation,  and  proportioning  ^  akitadei 
above. 

'  Any  person  who  wishes  to  calculate  strictly  the  apparent  altitudes,  naf  pffoeeed 
cording  to  the  following  rules. 

Tibs  tfparetU  Hmtj  the  ikSp't  ioHiwU  mud  hngUudtt  myi  the  n«*«  iedUmSm  giMn,  to 

the  ttppm^U  ollffude  of  Mr  eenire. 

RULE. 


H. 

M. 

S. 

12 

0 

0 

6 

56 

90 

With  the  apparent  time  firom  noon,  enter  Table  XXlll.  and  horn  fhe 
rising  take  out  the  logarithm  corresponding,  to  which  add  the  log.  eo*sine  of  ti» 
tnde,  and  the  log.  co-sine  of  the  sun's  declination  ;  their  turn,  rqfeethhg  90  in  ti»  ' 
will  he  the  logarithm  of  a  natural  number,  whidi  being  subtracted  ftm  the 
eo-eine  of  the  sum  of  the  declination  and  latitude,  when  they  are  of  difleraat 
or  the  natural  co-sine  of  their  difference  when  of  the  same  name,  wlQ  leaive  Hm 
ral  sine  of  the  sun's  true  altitude  at  the  given  time.    The  refraction  leas  puaOax 
added  to  the  true  altitude,  will  give  the  apparent  altitude. 

In  general  it  will  be  near  enough  to  take  out  the  refraction  only  ftwn  TaMe  Xli. 
neglect  the  parallax. 

EXAMPLES. 

Required  the  true  altitude  of  the  sun's  centre,  in  lat.  49^  57'  N.  and  long.  75^^ 
July  26, 1820,  at  6h.  56m.  SOs.  in  the  morning,  sea  account  ? 

Appw  time 

Time  from  noon  6     3    80  its  lof .  in  col.  of  risit^ 

ijUinide  4»    SI    ON.  iu  log.  co-iine 

Decfin.  at  th^  time        19    96     ON.  iu  lo^.  cu-sine 

nst.  number 4S8l2llilS|W 

Diflbrsnoe  30    31  mt  co-«ine 86148' 

Traealt  SSO  45'  nat.sine 409TC 

Refraction  2 

Apiwalt.  .83    47 

{EXAMPLE  II. 

What  wUI  be  the  true  altitude  of  the  sun's  centre  in  the  latitude  of  39^  90'  V. 
the  longitude  of  40^  5(/  W.  November  26,  1820,  at  3h.  21m.  SOs.  apparent  thoae  hi 
ailerhoon,  sea  account  7 

H.  M.  8. 

App.  time  from  noon        3  31    90  Iti  log^.  in  col.  (tf  risiog     . 

Xstitude  38  20     ON.  log.co-iiiM 

DceUn.st  that  time        90  62     06.  lof .  co-^ine 

naf.  mimber 36181  ilajkig.  ^ 

8am  60    13  nat.  co^ne 49697 

Tme  alt  13    36  nat.  sine 23616 

Refhurtion  4 

App.  ah.  13    40 

The  appmetU  time,  the  UOHude  and  Isngftuck  gk>en^  to  find  the  ^^pparent  oHUitde  ^ 

fixed  iter. 

RULE. 
Turn  the  longitude  into  time,  and  add  it  to,  or  subtract  it  from,  the  appannt 


*  The  apparent  lime  moiC  betaheB(asiiMsd)0Qe4lay  Ini  tbantiie  sea  aceoaat,  awl  Ihs ^_ 

beroeluMiedfromnooiiio  mioninDumerioal8acoeirioiiBoalto31  It  may  alaobaihniind,thaHf  ibi 
observer  be  fnmlibed  with  a  chronometer,  regulated  'to  aiMni  Greenwich  time,  tbit  psA  of  the  ommtgjm 
may  te  Kved,  redudw  the  MMii  time  to  MMareat,  by  amih^ 
•igaftenthatfaithtWls,asktattchlio%hiirodhiiSntothe^^ 


i 

4 
I 


^^^^^  LUNAR  OBSERVATIONS. 

^U  (b«  abipi  acconting  as  the  longUivIe  ia  west  or  eut,  ibe  mud  Or  ilifieTGDce  will  be  Ihc 
Cime  U  (iraFnnich. 

Ftnrl,  id  tkc  KftutKirl  Almsnar,  the  gun's  right  ascPiuioa  far  the  noon  preceding  the 
XiiBfl  ■!  Inesnwidi,  and  add  thenlo  tlie  correctiOD  taken  bom  Table  JLILXI.  eorres- 
[hc  bout*  md  uiiautea  oC  the  time  U  Gneowich,  the  mun  will  be  the  sun'* 
>inu,  ohieh  bvuig  added  to  Ibe  appsient  time  at  the  abip,  will  give  the  right 
'Itu  uteridiMt,  rejecting  34  boun  nben  (he  >uin  eicetdn  14  haun. 
nod  the  ■Ur'*  rigbl  uceBdan  and  declination  in  Table  Vllf.  I'ur  the  j'enr  1890,  and 
«MTGct  tkeu  for  tbe  lean  el(i|»ed  «ince  thai  time,  bj  mvBLni  of  the  annual  latiatiani 
^iTCD  in  the  maK  (able,  and  jou  will  obtain  tbc  ttar's  right  aacennion  aud  declioation  at 
Kke  time  of  otsematioo.' 

Tbe  diArence  between  the  star's  right  ascension  and  tlK  r^hl  ucenuon  of  the  meri- 
^■U).  will  be  tin  Mttmitf  tflht  star  from  tht  tneriJun. 

Kind  in  the  eolnmu  or  rising  or  Table  XXIII.  the  logarithm  correspoadiag  la  the 
stKT**  ilistancc  from  the  meridian,)  and  add  tberrto  the  log.  co-sine  a(  the  latimde  nf 
Kbe  >(up.  and  the  log.  co-sine  o(  the  declinUion  of  the  star,  the  sum,  r^ecEing  30  in  the 
UHlex.  Mill  be  tiie  logariltuD  of  >  natural  number  (T!>bk  XXVI. 1  which  lubtracted  (him 
Kk  natural  co-«iue  (Table  XXIV.)  of  the  luni  of  (he  declination  and  latitude  wben  of 
difoioil  nanei,  or  the  natural  co-sine  of  their  difference  nhen  of  the  same  name,  will 
Saaic  dHi  natural  sine  of  the  star's  Inu  allitude. 

The  tcAictimi  being  added  to  the  true  altitude  will  giie  the  agparnit  altitude. 

EXAMPLE, 

\n»t  wai  At  ipparent  altitude  of  Aldcbaru,  at  Philadelphia,  April  19,  1930,  sea 
.^leeoum.  at  bh.  57m.  ISt    in  the  altcrnoan,  apparent  lime.' 

in  Tabk  vri|.  the  right  asccoxion  of  .Mdebaran  for  ISH),  is  4h.  SSni.  36t.  and  tbe 
-variUlMi  for  '()  months  is  1"  to  be  added  because  the  time  is  aRer  1830 ;  hence  tht 


^riciil  iKCtislan  at  the  given  time  -Ih.  J5m.  37t      Tbe  declinatian  i 
^S'  ?  N.  na  larialioo  for  3|  moolhi  being  neglected. 


'^taBB  otGicmwich,  April  11 10  57  M 

1  19  £8 
ileXXAl,  I  41 

CtlLA.alliBeofob> 1  SI     9 


I 


^"a  dliL  from  mend. S  SS  50         luloc.  ia  Col,  liainc 4.4331W 

K.*tt(a<t  of  Philadelphia  3t^  57'  N.                                                co^....   9.8M5J 

^c'm  itctmmhn i6  B  N.                                           co^ne....  'i.'mi'' 

^^  Bit.  number         199f*  its  log.                          -LM030 

"•■Gefenee 93  49      nai,  co-uoe        91-184 

t*5"*inwle 45  39       naLsine                71518 

■*«^»cti(.n 1 

^PPWCBI  altitude 45  40 


FIKD   THE  LONGITUDE  BV   BCLIPSl 

7to  find  Uu  LoBgilaJi  tj  tii  Etlipiu  af  JajKlrr-t  SattUUtt. 

*  Tbe  MMpN*  of  the  ■■tcllhea  an  eiycd  id   page  Ut.  at  Ihe  monih  of  the  Naatinl 
*      MV  lor  ■■««■  lime  a(  Uneonkh.     Tfaere  an  tico  hind>  of  these  eel^HCi — an  In- 
m,  ieaotiMig  the  iiutaot  of  liie  disappcuiaim  d[  the  ■Rictlitc  b]  entering  jsla  the 
■  of  Jiftler,  ud  BD  £<ncriion,  or  Iht  iniUuil  of  Ibe  appeanuii^e  uf  Ike  uUllite  in 
f  from  the  shadow.     The  inuuenioDD  and  emenioni  geucrallj  happen  nhcn  the 
le  dialBDce  Iroin  Ibc  boil;  ol'  Juiiilei,  ticepl  near  the  oppoiuiaD  of  Ju- 
_  .  wbeD  Ibe  Wellile  acproacbea  near  to  hi>  l>adj.     Before  Ihe  oppoiitian 

Sbcj  hapfcp  on  tbeweil  aide  of  Jupiter,  and  aAer  the  oppOBilioD  on  the  east  side  i  lutif 
aan  aMfnaomical  telescope  is  uwd  Kbirh  revenci  the  obJei:I>,  the  appeiUBnce  will  he 
■UlccUf  the  eoDtnrj.  The  configumioiu,  or  the  poutiona  in  which  Jupiier's  aatedilei 
appear  Bt  braennirJi,  are  laid  down  erer;  night,  when  tiaible,  in  page  XII.  of  Ihc  montb 
«7lfce  Nnotical  Almanac. 

Am  ifcrar  cclipsa  happen  almogt  dad;,  they  aBord  the  most  ready  meuu  of  deter- 
^nntag  tbc  hm^tude  of  placet  on  land,  and  might  ibo  be  applied  al  tea,  if'Ihe  otuerra. 
■ioii*  taaii  be  taken  with  saffieient  aeearacj  in  a  >hip  under  tail,  which  ran  hardly  be 
^ooe,  linre  the  leatt  rantion  of  a  teleicope  which  magnifie*  lufficientlj  to  nuke  these 
«l>»i  I  laiiiini,  would  throw  the  objects  out  of  tbe  field  of  liew. 

A>  th«e  eclipses  are  giien  in  the  Nautic^  Almanac  in  mean  lime,  it  ii  oeceHary  la 
vcgaUlc  your  watch  la  niean  time  ;'  thia  ia  easily  obtained  fram  the  apparent  Iiidf'  by 
a^flnin^  lo  the  latter  Uie  equation  of  time  taken  frani  the  tiiauticHl  Almunar,  by  addiog 
St  HibtnTting  according  to  the  directions  in  the  column  from  whence  the  equation  wki 
lakcp  .  bence  the  error  of  a  watch  with  reelect  to  mean  lime  may  be  ascertained. 

The  wueh  beioE  thus  regulated,  you  mu«t  Ihen  Sod  nearly  Ibc  time  at  wUeh  tkt 

«rlipse  will  begin  *I  Ihe  phice  of  obsenatiou  ]  this  may  be  done  as  follow!  :    Find  tram 

t^  Nautical  Almuue  the  time  of  an  immeraion  or  emenion,  and  a|f  ly  thereto  the  lon- 

i^de  liuned  into  time,  by  adding  when  in  nut.  but  subtracting  when  in  west  longitude, 

Ahe  uun  or  difference  will  be  nearly  Ibe  mean  time  when  the  eclipse  is  to  be  obscrred  at 

Ake  given  place.    If  there  be  any  uncertainty  in  ihe  longitude  of  the  place  of  observation, 

jaa  must  begin  lo  look  out  for  Ihe  eclipse  si  an  earlier  period ;  and  when  Ihe  fclipse 

^^_  Ji^iua,  you  aiut  note  Ihe  time  by  the  wstch,  and  alter  spplying  the  coircction  Tor  the 

^^^^MTor  nf  Ibe  walcb,  if  there  be  any,  you  will  bate  the  mean  lime  or  the  eclipie  Bi  the 

^^^■ihce  of  ahaarntion  ;  Ibe  diETerence  between  this  and  the  lime  in  Ihe  Nautical  Alm'iW, 

^^^PifaK  unMd  tnto  degrees,  will  be  the  longilude  from  Greenwich. 

^^     SuD, 


EXAMPLE. 


SupJMse  tliat  on  the  2l8l  of  August,  IStO,  sea  account,  in  the  longitutle  of 
'  97°  by  W.  b;  account,  an  iniinersionof  the  Rrst  Satellite  of  Jupiter  was  ob- 
*t*-^ed  al  "h.  ISm.  3i».  P.  M.  mean  time.    Required  the  longitude  ? 

*»  n.  A.  immeision Aug.  Mtb.     15h.  4r  S*" 

^y  «bsai.  .\Dg.9I,  seaaccountiorby  N.  A. Aug.  SOth.       T    13  3! 

Longitude  in  time 8     35  90 

'  *  '9  degrees  giiei  ISS-  WW.  far  the  longitude  of  the  plaee  ot  obser- 

Tojmd  tkt  Longitude  by  Etliptt  ojtht  Moon. 

"Xbe  determination  of  the  longitudt^  h;  <tn  eclipse  of  the  raono  i*  perfonn- 

■  b;  comparing  the  times  of  tlie  beginning  or  endlne  of  the  edlpae,  as  als* 

wneo  aoT  Dumber  of  digita  are  eclipsed,  or  »nen  the  earth'9  shadow 

touch  or  leave  anj  remarkiible  spot  on  the  moon's  face:  ihedifier- 

I    ^""^  of  time  between  the  like  observations  made  at  different  places,  turned 

**«i  degrees,  will  be  the  difference  of  lon^tuJe  of  those  places. 

When  Ihe  bei^bning  or  end  of  an  eclipse  of  the  moon  b  observed  at  any 
W*c«i  the  longitude  of  that  place  may  be  easily  found  by  comparing  the  time 


LONGITUDE  BY  A  CHRONOl 

t  Hkvinf;  raftobted  a  cbranoniPtpr.  inth«  manner  Bret  mrntJoiwd,  at  auloce 
^ose  Um^iNli-  rri.m  Grpenwich  is  known,  it  is  easy  to  find  h*w  mucli  \l  is  (o« 
urb>oiluw  Wthf  nitridisn  of  Greenwich,  b;  allowing  lift  tl>e  iHUervKee 
irniaoi.  Thrifcif  thf  above  mcntionfldvlwefvatiunnf  Jiin«  I.ittm  nmde 
»n  p\a^  ID  :4°  wPHt  luiigtnidr,  corivspODding  in  Table  XXI.  to  4h;  5Riii.  the 
-*-  -        n  Ibxl  itity  rniiild be  tooskiw  for  Greenwich  time  b;  thesum 

uil  ^iii.  S0s.or4b.  5Em.  9<M.  IngrncraMtwillbefiillBBBimple, 
:-   <  chronometer,  nt  a  place  whiiee  tan^tude  h  known,  to 
lan  time  at  the  pincevf  observation  (o  the  meridiiut  of 
L'  ilie  lon^itudp  If  west.  iHibtraeling  if  «iii8t,  the  sura  or 
..   mran  time  of  observation  umm  the  meridian  at  On«n- 
■  (ire  ii'tween  this  and  the  time   giTen   by   th«>  chronometer. 
'9  iHift  mnch  it  n  too  faal  or  too  afow  for  Ormsiiwieh  nuon  time.   Thus  by 
&>£  tbe  htngilude  4h.  &6m.  to  the  mran  time  or  the  above  observation  6h. 
a».  40«.  themm  !0h.  am.  »0h.  is  the ineun  lime   at  Greenwleb,  from  which 
*Ri«tiug    the  time   by    Ihe   chronometer  .'ih.   lUrn.   20s.  the   retuninder 
4l>.  'jSia.   iOs.  a  whal  the  elironuioeter  Ih  (Ouj^ii  for  Greenwich  lime,  hs 
■^**  (mild  before* 

The  dimnometer  having  been  thu&  regulated  to  Greenwich  time,  and  tlie 

diuly  rate  of  its  goin^  aKertained,  if  thi«  rate  should  remain  imaitered.  the 

litnral  (jreeoKicIi  will  be  knovvn  by  it.  at  any  moment  at  sea, and  if  at  that 

""•nteiil  by  any  observation  of  the  sun.  mocin.  planet  or  a  Sxcd  star,  the  op' 

fv'ml  lime  hefnundby  any  of  the  methods  explained  in  pagea  154 — 161,  and 

^''  mtan  time  at  Uie  ship  deduced  therefrom,  by  appiymg  the   equation  of 

''"•e,  as  atmve  explained,  then  the  difference  between  this  Fn>^sn  time  at  the 

'%».  and  IliP  meBD  time  at  Greennich  showTi    by  the  ehroiiinnetei*.  will  be 

^  lonptudr.,  whivh  may  be  turned  into  degrees  and  minules  by  Table  XXI. 

"c  shall  explain  by  a  few  e.iamples  the  preceding  remarks. 

EXAMPLE  I. 

^K^^IriiJUf;  to  repilale  a  rhronnmetpr,  in  a  place  whose  latitude  is  S|0  30'  N- 

■■A   tnrftade   llf^  E.  from   Greenwich,  I   observed  Oct.  10,  lHi4,   at  8b. 

"tM».  \.  M.sea  account   per  chronometer,  the  attitude  of  the   sun*s  lower 

l""**!*.  bya  fair  observation  ia°  38',  the  correction  for  semi -diameter,  pandlax 

""rt   dip  tieing  U'.     It  is  reijuired  to  find  the  errror  of  the  chronometer  fo* 

•"■cm  time  a!  Greenwich  7 

The  »op»nM  lime  of  Itiis  observation,  computed  as  in  Example  I.  pi^e 
I^B.  i«eh.  Tm.  9h.  A.m.  corresponding  lo  Oct. 9d.  SOh. Tm.  9s. by  the  Nau- 
tical Alraaaac.    From  tliia  subtract;  tbe   longitude  114°  turned  into  time 
Th.   sem.  by  Table  XXI.  the  rcraninder  Oct.  9d.  1th.  Sim.  9s.  is  tbe  aj/pa- 
n«C  tone  at   Greenwich.     Now    by  Table  IV.  A,  the  equation  of  time  for 
Oct.  H.  at  noun  is  sub.  19m.  44s.  with  a  daily  tnemitr  of  I6b.  and   this  in 
Tkhk  VI.  A.  under  IBs.  and  opposite  to  lih.  31m.  9s.  gives  Da.  lo  be  added 
tf  len.  44t.  (because  it  is  increasing)  tbe  slim  l£m.  53a.  is  theeijuatjon  of 
OKK-,  vrbicb  by  tlie  table  is  sobtractive  from  the  appartnt  time  at  Greenwich 
Oct,  9d.  ISh,  Sim.  9s.  to  obtain  the  mran  time  nt  Oret:nwich  Oct.  »d.  12h. 
nni.  le,.     If  the  mean  time  at  the  ^/oce  o/  obatrvolion  is  required,  it  would 
^  ^uund  by  tablracline  tbe  equation  of  time  ISm.  59«,  from  the  npparent 
I'lae  at   ihe  place   of  observation.  Bh.   7in.   95.  and   it  would    Ihcrefure  he 
■*>■  Wm.  lOf. 

EXAMPLE  II. 

Viy  10,  1834,  at  5h.  90m.  P.  M.  sea  account  per  chronometer,  in  latiiude 

^M'.  in  a  place  whose  longitude  was  known  to  he  1'°  50' E.  from  GrvuD- 

t^di,  the  ullilude  of  the  sun's  lower  limb  by  a  fore  observation  was  15^  40'. 

"•thrfeirtJon  fordip,  parallax  and  Remi-diumetpr  beitii;  li'.     It  is  required 

■  fcidlbe  error  of  Ihe  chronometer  fur  mean  liinenl  Ureenwieh,  and  at  the 

*  of  observaliun  T 


*tf>J  If  ihi  rti)!-!  Inqtiiac 
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The  apparent  time  of  this  observation,  computed  a$  in  Example  11* 
156,  is  May  9d.  5h.  94m.  £68.  by  the  Nautical  Almanac.     From  this 
tract*  the  longitude  17^  SC,  turned  into  time,  Ih.  10m.  by  Table  XXI. 
remainder  May  9d.  4h.  S4m.  268.  is  the  apparent  time  at  Greenwich, 
Table  IV.  A,  the  equation  of  time  for  May  9th.  at  noon  is  nib.  fSm-  488.  i 
-a  daily  increase  of  98.  and  this  in  Table  VI.  A,  under  3s.  and  opposite  4h 
£4m.  268.  is  Is.  which  added  to  dm.  48s.  (because  it  is  increasing)  nves  tfai 
equation  of  time,  at  tibe  moment  of  observation,  mb.  9m.  498.    Sobtracliii^; 
this,  according  to  the  direction  in  the  table,  from  the  ijqtparent  time  at  Gn 
wich  May  9d.  4h.  24m.  26s.  leaves  the  mean  time  at  Gr^nwich  May  9d. 
20m.  37s.   Subtracting  the  same  equation  9m.  49s.  from  the  appaitmi^iait 
the  place  of  observation  5h.  S4m.  26s.  gives  the  mean  time  at  the  plaee 
observation  5h.  SOm.  d7s.    The  difference  between  the  mean  time  at  6i 
wich  4h.  20m.  37s.  and  the  time  by  the  chronometer  5h.  80m.  is  Ih.  tan. 
which  is  the  time  the  chronometer  is  too  fast  for  Greenwich  fMon  tUne. 


EXAMPLE  III. 

Suppose  that  July  27, 1820,  sea  account,  the  apparent  time  was  found 
an  altitude  of  the  sun  to  be  Ih.  5'  8 '  P.  M.  when  by  a  watch  well  regidai 
to  mean  Greenwich  time,  the  time  was  4h.  9^  8"  P.  M.  Required  the  1 
itude? 

Apparent  time ' lb.    5'  S"* 

Equation  of  time  add 6    8 

Mean  time  at  place  of  observation  1     11  16 
^Timeperwatch 4      3    8 

DiiTerenee  in  long 2    51  52=48°  58^  MT.  tlM 

being  west,  becaase  the  time  at  Greenwich  is  the  greatest. 

EXAMPLE  IV. 

Suppose  that  May  14,  1820,  sea  account,  the  apparent  time 
by  an  altitude  of  the  sun  to  be  4h.  3'  5"  P.  M.  when  the  time  fajthe 
was  2h.  p.  M.  the  watch  being  too  slow  for  mean  Greenwidi  time  11' 
Required  the  longitude? 


Apparent  time 

Equation  of  time  sub. 


4h. 


3' 
3 


5" 
56 


Mean  time  at  place  of  obserr.     3    59      9  p.  m . 
Time  at  Greenwich 2    11      9 


Time  per  watch        Sh.  0*  0^ 
Watch  error  add  11  9 


Time  at  Greenwich   8  11  9: 


*«  m. 


Difference  of  longitude. 


1    48      0=s27O0'E. 


tif 


EXAMPLE  V. 
Suppose  that  on  June  14,  1820,  sea  account,  in  a  place  whose  longiC^u*^ 
from  Greenwich  was  known,  a  number  of  observations  were  taken  to 
tain  the  going  of  the  watch ;  and  it  was  found  that  on  that  day  it 
too  slow  for  mean  Greenwich  time,  and  lost  time  2"  per  day ;  and  tb»^  ^^ 
July  14,  1820,  sea  account,  the  time  per  watch  was  6h.  0'  6''  P.  M.  wheiB*  ^ 
an  observed  altitude  of  the  sun,  the  apparent  time  was  Ih.  16'  iC'P-  "* 
Required  the  longitude  ? 


Apparent  time Ih.  16'   10" 

Equation  of  time  add 5    82 


Mean  tine  at  place  of  obser.     1    21    32 
Time  at  Greenwich 6     1    l6 


Longitude 4   39    44=69° 56'W. 


Error  of  watch,  June  14, O'  10" 

30daysat2'' 1  0 

ErrorJulyl4, 1  10 

Time  per  watch 6    0  6 

Time  at  Greenwich 6    1  16 


"  l*hb  is  to  be  tOded  if  the  sbtp'f  lonfltade  h 


TO  REGUIATE  A  CHRONOMETER.  l«:» 

To  rtgulatt  a  Chronometer  by  Lunar  Ohserrations. 

It  sometimes  happens  that  a  chronometer  is  hy  accident  suffered  to  nm 
down  when  at  sea,  in  which  case  it  can  be  regulated,  by  means  of  a  p^reat 
number  of  lunar  observations,  which  must  be  taken  with  the  greatest  care, 
and  with  objects  on  different  sides  of  the  moon.  These  obsenations  may  be 
made  on  the  same  day,  or  gn  several  successive  days,  ffnding  h^  each  ob- 
senation  how  much  the  chronometer  is  too  fast  or  too  slow  for  Grcenwidi 
time,  and  taking  the  mean  result  for  the  error  at  tlie  mean  time  of  obser- 
"^aUon. 


EXAMPLE  I. 

1?SQl  vn.  s. 

^pril&    Too  feft  1st.  obs.  2  12 

I,     n    2d.  chs.  2  08 

■.     ..    3d.  o&s.  2  06 

r     .    4ib.  oIm.  3  10 


EXAMPLE  IL  ,  EXAMPLE  lU. 

1810.  m.  8.1      1817.  IB.*. 

April  2a  Too  dow  1st.  olit    i  19;  Aug.  &  Too  niuw  1st.  oLs^— U  24 

„     21.  2if.  Ob*.    1  21        „    6.  Too  fiut  2d.    obs  -H>  1^ 

„     22.   StLobs.    I  28J     „    8.  TooduwSd.    obs.— 0    7 

r,    9.   Tooliut  4ih.  obs.40    4 


3)    «6 

4)    06                                                    •  4)— 0  1-2 

IChro.  too  slow  April  21,         1  23  

Maa  error         .     ,      .      2    0  ^                                                    ,Obro.  (00  slow,  Aug.  7  ->0  S 

/u  the  last  example  some  of  the  observations  made  the  chronometer  too 
s/o'vr,  and  others  too  fast ;  these  are  marked  with  different  signs  -f"  ^uid— , 
thn    sum  is  to  be  found,  noticing  the   signs  in  the  algebraical  manner,  as 
^ui^ht  in  the  introduction  to  the  appendix  of  this  work. 

1  i  haa  lately  been  discovered  that  chronometers  generally  go  faster  on  board  of  a 
^^99^1  than  when  on  shore  ;  this  variation  has  been  sometimes  found  to  be 
^s  much  as  1 4  seconds  per  day,  though  in  general  not  more  than  1  or  S  se« 
cocifls.  It  is  suspected  that  this  arises  from  the  attraction  of  the  iron  in  the 
▼ossekk  the  chronometer  having  acquired  a  small  degree  of  magnetism.  To 
■"^inedy  this  inconvenience  it  has  been  recommended  to  keep  the  chronome- 
toT^  always  in  the  same  place  on  board  tlie  ship,  and  to  regulate  tliem  when 
^^ixs  placed,  before  leaving  the  port,  or  by  means  of  lunar  observations  (af- 
^r-  the  abore  manner)  when  at  sea.  Tlius,  in  the  first  of  the  above  exam- 
pl^i3,  the  chronometer  was  2m.  9s.  too  fast  for  Greenwich  time  April  9, 1820. 
>*^(>pose  now  by  a  set  of  lunar  observations  made  April  SO,  ISi^O,  it  was  found 
^<=^  De  fast  2m.30s.  the  variation  would  be  Sis.  in  21  days,  which  is  1  second 
P*^r  day  for  the  accelenition  of  the  chronometer. 

It  has  also  been  found  that  chronometers  generally  train  by  an  increase  of 

*J>^n5ity  of  the  air,  and  lose  by  a  decrease  of  density.     The  firing  of  gtins  on 

ooard  a  vessel  will  sometimes  alter  tlie  rate  of  going,  unless  the  instrument 

^*^    well  suspended,  or  held  in  the  hand  during  the  firing.     Any  sudden  jar 

^Ul  sometimes   alter  the  rate.     The   imperfection  of  the  oil  used  will  after 

^oixietime  impair  the  instrument.     Finally,  the  mechanism  used  to  correct 

^^  change  of  temperature  of  the  air  may  not  do  it  completely,  and  some 

**^t)r  may  arise  from  this  source.     Notwithstanding  these  various  causcii? 

^^   error,   it   is    wonderful    to   observe  how    accurately   some  of  those 

'^'^rtmomcters  perform  their  office. 

To  find  the  Longitude  hy  a  Variation  Chart. 

,  In  the  year  1700,  Dr.  Halley  proposed  to  find  the  longitude  by  a  cliari 
'^^  published,  on  which  the  lines  of  tlie  variation  of  the  compass  were  drawn ; 
^Q  since  that  time  several  similar  charts  have  been  published  fur  the  same 
l^rpose;  but  the  difficulty-  of  determining  the  variation,  combined  with  oth- 
^  causes,  will  probably  prevent  Uiis  method  from  being  sufficiently  acciu^tc 
^  be  generally  useful. 

The  method  of  using  this  chart  is  as  follows  :  On  the  parallel  of  latitude 
^hich  you  are  in,  find  the  observed  variation,  and  that  |>oint  will  be -the 
^■^cc  of  observation. 

A  chart,  on  which  the  lin^s  of  the  dip  of  the  magnetic  needle  arc  mark- 
*^c  mipht  be  ii«cd  m  the  same  jnnnner  for  determining  Ihf  longitude. 


PROBLEMS  USEFITL  IN  NAVIGATION. 
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BY  LOGARITHMS. 

Betireeo  the  S.  S.  W.  line  AB  and  the  S.  E.  hy  E.  line  AC,  are  7  points, 
=  <  BAC ;  and  between  the  S.  E.  by  E.  line  AC\  and  the  E.  by  S.  line  AD 
lire  2  points  =  <  CAD  =  <  ACB  (Iwcaiise  AD,  BC  aru  parallel) — therefore 
ACB+BAC=9  points,  and  since  all  three  angl«>s  ACB,  BAC,  ABC  arc 
equal  to  16  points,  the  anple  ABC*  is  also  equal  to  7  points,  tiicrefore  (by  art, 
39  Gtom,)  the  sides  AC,  CB  are  equal,  being  opptisite  to  the  equal  angles 
ABC,  BAC.  If  these  angles  had  not  been  equal,  the  side  AC  might  have 
heen  calculated  in  the  same  manner  as  we  shall  now  calculate  the  side  AB. 


To  find  the  side  AB. 

Aft  sine  BAC  7  points  co.  ar. 

0.0084:* 

1h  to  BC  15  miles 

\Ai*m 

So  is  sine  ACB  2  points 

9.58284 

To  AB  5.8o 


0.767*5 


Thii  FroUleoi  or  the  first  may  be  used  for  finding  the  distance  of  a  ship  from  any  hcail- 
land,  ice  when  taking  her  departure  from  the   land. 

PROBLEM  III. 

Tiro  Mp»  sail  from  the  samf  port^  one  sails  .V.  E.  ^  £.  16  miks,  the  other 
naiU  easteHy  io  miks,  and  then  finds  that  the  frst  bears  A*.  N.  ff.  Eequirfd 
''*'  other  ship's  course ,  and  the  distance  between  thf  two  ships  ? 

BY  PROJECTION. 

Draw  the  compaps  ESW,  and  let  its 

^'entrc  A    rt-presenl    the    port    sailed 

^fom ;  draw  the  N.  E.  h  E.  line  AB= 

-'G  miles,  and  throns;li  B.  the  line  BC. 

^»^M  to  th«*  X.  N.  W.  line,  and  con- 

''iiie  it  indeAnitely :  takt*  -20  mik-s  in  ,., 

^*our  compasses,  and  puttin);  one  foot  in 

A,    de^crib^*  with  th*-  nthf*r  an  arch  ciit- 

ji'^CthirlineBCinC.andjninAC.  Then 

ff    ^^ill  bjr  the  place  of  th»-  first  <liip.  C 

j^r^t  of  the  second,  and  AC  tin-  course 

J^^^red  by  the  second  ship,  which  will 

nearly  E.  S.  E.  i  E.  and   BC  the  distance  of  the  ships  174  miles. 

BY  LOGARITHMS. 

A    "^hf  course  from  B  to  C  is  S.  S.  E.  (opposite  to  \.  N.W.)  and  from  Blu 

j^    5a  S.  W.  ••  W.  (opposite  to  N.  E.  i  E.)  the  differnice  btlween  these  bear- 

X;^?  w  6i  p<iints=7d^  7  =lheani5le  ABC  :  liavinp  this  angle  and  the  sides 

^^,  AC,  the  other  angles  and  side  may  be  found  by  Cases  II.  and  III.  of 

^lique  Trigonometry'  as  follows  : 


To  find  the  angle  C 
^^  fide  AC  30  miles 
<^  nne  ABO  73»  T 
MrideABlCmilet 


Subtract 


1.S0103 
a«J3087 
1.2041.' 


To  find  the  distance  of  the  rhipn  BC. 


t-*^ 


ine  amip  r    tn*  AT 

•HP* 


And  the  anple  (  -=49<^  07    to  the  angle  B  73^  T, 
the  sum   12^4  t»eini    iubiracled  from  I80°leavef 
.jiliraDfrleCAB  '£fi  Ui . 

li.i84:H 

I  JOIik>  -^    Miie  anp.  ABC  73"  7    ar.  co.  0.01913 
ll-  irf  •^\^  side  AC  3J  niilri  I  JOlOS 

3.8831^  ."SO  I*  -ine  C  iB  SC'  i»;' 


N'.N 


radd  2S    .10 


makei   N.     72    17    W.  the    brarlu^    of  A 

C.  wbMce  the  rourK*  of  thr  >Lip  f'xtni  A 

rdi  C,  U  S.  72>  r.    E.  or    E.    S.  E.  i    t 


Fu  the  t(d«  DC  IT.:  mWf^ 


I  i  i';4t 
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PROBLEM  IV. 


TSvo  ships  sail  from  the  same  port,  one  N.  W,  SO  mUta^  and  fht  olftcr  Ht. . 
6y  2V.  40  milea.  Required  the,  bearing  and  distance  of  the  ahiptfrom  tach  adter 


BY  PROJECTION. 


B 


Draw  the  compass  NESW,  and  let  its  centre  A 
represent  the  port  sailed  from  ;  draw  the  N.  W.        7 
line  AB=SO  miles,  and  the  N.  E.  by  N.  line  AC==      / 
40  miles,  join  BC,  which  will  be  the  bearing  and  dis-.r».i 
tance  'of  the  two  ships.    Whence  the  bearing  wilr^*' 
be  found  to  be  W^  S.  W.  i  W.  and  the  distance  4!>.l 
miles  nearly. 


BY  LOGARITHMS  (by  Cases  IV.  and  V.  Ob.  Trig.) 

Between  tJic  N.  W.  line  AB  and  the  N.  E.  by  N.  line  AC,  tiiere  ire 
point8=angle  BAC,  half  the  supplement  of  which  to  180^  is  OO^ST^ssh^' 
fium  of  the  angles  C  and  B. 


To  find  the  angles. 
As  sum  of  AB  and  AC  70  log.  ar.  co.  8. 1 5490 
fs  to  their  difference  10  1.00000 

SSo  is  tang.  1  sum  angles  50^^  37^^'    10.08583 


To  tan.  1  dim 

Sum=ang1e  B 
Diff.  wangle  C 


9    521       9.24073 

60    30 
40    45 


To  find  the  disttnoe  BC 

As  sine  angle  B  60^  30^  ar.  eo.  €li 

Istosi&AC        40  1. 

So  is  sine  angle  A  78    45  9.991 


To  the  distance  BC  45.1 


1.65S' 


1 


To  the  angle  C =40045',  add  the  course  from  C  to  AsSS^  45%  t 
sum  is  740  SO*,  which  is  the  bearing  of  B  from  C,  viz.  S.  74^  W  W.  or  V 
S.  W.  i  W.  nearly. 

PROBLEM  V. 

Two  ports  hear  from  each  other  E.  by  N.  and  TV,  by  S>  distance  400 
a  ship  from  the  easternmost  saUs  northerly  450,7  mt/es,  onotAer^/romtAett^ 
most  sails  900  miles,  and  meets  the  first.    Required  thecourae  steered  by 
ship  .' 

BY  PROJECTION. 

Draw  the  compass  ESW,  and  let  the  cen- 
tre B  represent  the  westernmost  port ;  draw 
the  E.  by  N.  line  BD=i:400  miles,  and  D  will 
bo  the  easternmost  port ;  with  300  in  your 
compasses  and  one  foot  in  B,  describe  an 
arch  ;  with  450,7  in  your  compasses,  and  one 
foot  in  D,  describe  another  arch  eutting  the  W.  ,  ^ 
former  in  C  ;  join  DC,  BC  Then  BC  will  ***** 
be  the  course  sailed  by  the  westernmost  ship, 
and  DC  the  course  sailed  by  the  oastcrii- 

TflORt. 
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BY  LOGARITHMS. 
To  find  the  angle  CBD. 


B9rThfl0.IV.    Trig. 
riMicle  BCD  inio  two  rlg-ht-anfrlcd 
BUM  of  Ike  pcrpcDclicular  CA,  auU 
tbra 


>  40O  ar.  ro. 
rBC.CD, 


730.7 
150.7 


7/,i>7jJ4 
2.87547 
21781J 


282.e        2  45ld2 


141.4 
200 


•  •  •  .  5A.6 
•■  In  tlie  trUn'Tle  ACD. 
00         .... 


>  7£«»  44 


Q,47712 

10jX)tO0 

I.TOTLiO 


lly  Tlieo.  V.  Trig. 
rD=450.7 

lll>=:4ao  log-,  ar.  co. 

BC=r300  lug.  ar.  O). 


Snm     I1A0.7 

J  Mim  ffJft^D 

\  sum  len  CD   124.l'6 


HairsuinS!r22' 


l0|r. 
liig. 


sum 
co-fine 


74)97M 
7.d22a« 


2.7598B 
2J08a68 

19.71M4 


DoublM  is  7fl  44=AD;Ie  CBD.     Havhi;  found 

llii«  anj^le,  we  mav  find  eiibrr  of  the  olhoB  dnis, 

To  find  the  angle  CDB. 

A«  CD  450.7  ar.  ro 7.34611 

Is  to  siite  CBD  72*  44'                  .  9.99155 

SoisBCSOO 2.47712 


To  sine  CDB  40*  4J' 


9.U47t 


irle  CBD  is  TC^  4 1'  ur  7  pi)ints  nearly,  and  the  course  from  B  to  D 
.  the  course  from  B  to  C  must  bo  north.  The  course  from  D  to 
.  by  S.  or  W.  11^  1  r/  S.  and  the  angle  BDC=40O  4.V  the  hearing 
D  must  bo  W.  20^  r>0'  N.  because  40^  40'— 11^  ir/=i:9^  30'. 


PllOBLEiM   VI. 


along  shore,  I  S(ti9  tiro  headlands,  the  first  bore  from  me  N.  E.  tkt 
iT.  U. — after  snilinfr  /;.  hif  S.  10  milfs,  the  first  bore  iV.  by  E.  and  ' 
V,  E.  by  \.    Ri  quirt  ■{  the  hforintr  of  tin  tiro  headlands  from  each 


h^ir  distunr.f 

?  compass  NFISW,  :ind  hi 
L  repre-wnt  the  jWare  of  the 
*  first  station  :  dntw  tlie  E. 
^B=10  miles.  .11  id  B  nill  be 
f  th«f  ship  ;it  thf  seeond  Ma- 
th*!N.  E.  line  M\  ma\  th«- 
leAD:  thn»u;rh  iln'  pnint  i5 
nes  BC.  BD  paralUl  to  the 
nd  N.  E.  bv  N.  Iirie<,  ;ind 
D  and  D  whrre  tln-v  intrr- 

» 

nes  drawn  froui  \  ti»  tli<' 
ands  will  hv  ihr  points  n'- 
them  resprctively  ;  join  tfie 
id  D  :— then  will'in*)  be  the 


Si 


W." 


■  7-      <v 


s 


the  two  h»'atlhuid-^,  and  a  lino  drawn  through  A  parcillel  to  I'll 
nt  the  bearini:  of  tliose  ]daces  from  eaeli  otiier  on  the  compass. 


lY  LOGARITHMS, 
e  ABC,  we  have  all  tl.f>  iii>::!r  s  aiHl 
find  BC.     Fur  th'*  hc.n  iiiirt  t>l   K 
ire  h.  Iiy  S.  ami   .N.  K.  ihr  dill'i  l- 
inl.-=B.\(.'  ;  ami  tbi*  NfHnii}:-  i»i  D 
vn  S.  by  W.  and  ^.  W.  xuc  iiiffiM- 
<int9  r«]Udl  til  the  ii'iglc  AC  It. 
To  fiod  the  Mde  IIC. 
3  pts.  ar.  CO.        .  0.2.>*iJti 

B  10      .  I  UOO'iO 


In  thp  trinni!le  ABD,  we  lia«e  all  the  angles  ami 
the  f\t\f  AB  to  fimi  BD.  i-nr  the  bearings  of  B 
and  A  imm  P.  are  S.  W.  :  >  s  and  W.8.  W.  the 
dirtVreiicc  l>eing  S  points=BDA;  and  the  bear- 
iii<r«  <'(*  B  and  D  from  A.  are  E.  by  S.  acd  E.  N.  E. 
the  diir*  rence  being  alMi  3  points,  equal  to  the 
aiigie  BAD)  then  fore  the  anele  BAD=BDA. 
aiid  {hy  art.  39  Gtom.)  BI>=AB— 10  mUef.  If 
thr»e  angU'^  had  not  been  equal,  we  nilf[ht  have 
calculated  the  liide  BD  in  the  same  manner  a^ 
BC. 


1.17511    J 


:he  triangile  CBD  we  haw  BD  =  10,  BC=:  14.97,  and  tlie  angle 
30',  for  th«;  bearings  of  C  and  D  iVom  B  are  N.  by  E.  and  N.12. 
ing  2  points  or  'ii^  30' ;  hence  we  mav  f\m\  the  other  nnjfleft  and 
in  rH«e  fV.  Obi.  Trijr. 


U90 
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Tn  find  thr  nnirlcs  Bc:D,  B])C. 
As  miB  or  BC,  UU  24^  ar.  cx).      . 
b  to  their  diff.  4.v.»7 

go  Is  tan.  ha.  sum.  op.  an^.  7o°  45 


To  taag.  '  tUfl*. 

Bam  u  an'ile  Rrr=z 
Diff.  Man<;le  Hi'n= 


4.3 

113 
S'J 


ia70l34 
10JXA)28 


4tJ 
4'4 


nr     nporlv     3 


pobil<S  ami  OS  ih**  Injuri" .  of  li  frmii  C  is  S.  bv  \V. 
the  bearioir  ut  J)  from  C  must  be  S.  S.  K. 


To  find  the  distance  CD- 

Ai  sinf  ane-  BCD  S3P  44'  ar.  co.    . 
It(  tusiile  BD        10        ..       - 
Su  id  sine  angle  CBD  22»  Vff 


To  (lie  dict.inre  CD 


e,r» 


PRDBLEM   VII. 

Being  96  fathoms  from  the  bottom  of  n  tower,  I  fovnd  its  altittide  ahovc^  ikr 
honiMnial  line  drawn  from  mif  < /yu  was  1  :P  1 0'.  Rtqinred  the  elevatim  aOorr 
Ihnt  Vmr  ? 


BY  PRlUECTIOX. 
Draw  tlie  hori7.ont.1l  linr  k\\-.*^  failionis,  niid 
perpendicular  Un^rfito,  thi>  tire  Ur  :  siiiiUf  ili** 
angle  BAC=::l5o  10  himI  dra^  AC  to  rut  !'•< '  in  C 
then  will  BU  be  iLe  hcif  Iil  of  xhv  luivcr  '.>.■  i'l- 
ihons. 


BY  LUGARITllMS. 
As  radius  rK)*> 

Is  to  the  di4t.  AB  96  fathoms      . 
bo  i".  Ian?  anplo  A  15**  lO" 


To  tlie  height  BC  2ts)  tatlionis 


1.9SS27 
9.43908 

1.4I5&5 


'When  an  object,  "whosi'  f'I»»\alioii  al»ovn  the  hori/.on  is  to  be  determini'd. 
is  at  a  very  gn-ul  distance,  it  will  he  necess-iry  to  nt>ticM'  tlie  coiTi'Ction  aris- 
ing from  the  ciu'vatiire  of  the  rarth  and  the  refraction,  and  apply  that  cor- 
rection to  the  hei«^ht  estimated  hv  the  above  method.  Thus  if  the  angular 
rievation  of  a  monntain  tvhose  l)ase  tvas  more  dis^tant  than  the  limit  of  the 
visible  horizon,  was  obaervwl  hy  an  iustrumi'nt  of  reflection  ;  the  approxi- 
mate height  must  first  br  obtained,  as  in  the  prer«'ding  example,  and  then 
the  correction  of  that  approximate  hei{;ht  for  thi*  curvature  of  the  earth,  re- 
fraction, and  dip,  must  be  calculated  by  (he  follow ing  rule,  and  added  to  that 
height,  the  stmi  will  be  the  true  height  ab<»ve  tiie  level  of  the  sea. 

RuLK.  Find  in  Table  X.  the  number  of  miles  ciirresponding  to  the  heiglit 
of  the  observer  aliove  th«'  level  of  the  sea.  antl  take  tfie  difference  between 
that  numb<*r  and  the  distance  of  the  mountain  from  the  observer  in  statute 
miles:  witli  that  differenc«-  enter  the  same  table  and  find  the  height  in  feet 
r.orrcsponding,  which  will  be  the  correction  to  be  added  to  the  approximate 
height  to  obt.'un  the  true  height  of  the  mountain  abo\e  the  level  of  the  sea. 

ExAMPi.K.  Suppose  the  distance  w,is  A^  statute  miles  (or  168960  feet) 
and  the  obser\ed  altitude  1^  ii',  the  observer  being  IK  feet  aboLve  the  level  of 
the  sea.    Required  th(^  height  of  tlie  mountain  above  the  same  level  ? 


Asiadiut     .... 
is  to  distance  1GS9G0  log. 

Bo  if  elr«^un  P  'Z'  tanp. 

Apprax.  height  S04fl  lug. 

Oomrtion  39a 


104KXU0 
8.26(J1U 
3.4?U06 


Dist.  of  mountain        . 
l':ib.  X.  Xt  fc-ut 

IUffiT^ncr 

(\>iri'f jrtindins^  t'orr.  Tab.  X. 


M. 

32* 

9SJSS 


Brnn        .'J44''»     i«  ihe  trnr  litifFil  rilmvo  |«»r  1«*\ri  «><"  i|ir  «rn. 
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PROBLEM  VIII. 

ling  toicarda  Cape,- Cod,  I  discoid  rtd  the  liirht-house  just  appearing  tn 
tizan,  mif  eife  b*in^  fltrtittd  :iO  fiet  tiffore  tht  sen  ;  it  is  nquircd  to  find 
$(anc(  of  th  lischt'hous(,  5/////w.s//;^  it  to  I/*:  divated  200  feet  above  tht 
t  of  th*  sta  / 

-  solution  of  tliis  prnhh'iii  di'pfiids  on  the  uniffirm  curvatnn*  of  the  sea, 
?ans  of  whirli  all  tom-^trial  ohjtTts  disappenrat  r«»rtain  distances  from 
isrnor.     Thr^o  distann."*  may  hi*  roinputed  hy  means  of  Table  X.  in 

the  olevatiiMi  in  feet  is  <civi'n  in  nn<'  rolinnn.  and  Ihi*  distance  atwhidk 
isible,  is  i'xprr«jsi*d  in  statnt«'  niili*?  in  thr  nllH'rrolumn.  If  the  place 
which  y*iu  vit'u  tin- nhjiTt  he  «'I<*\atfd  aluno  the  horizon,  you  must 
l^thtr  tht  diatimrts  ntrnspctiulivfr  to  tht   hi^ht  of  the  obsirver  and  tht 

of  tht  ohjtrt.  the  sum  will  be  tin*  ^rfat*"ijt  distance  at  which  that  object 
'>li?  from  the  oli.-^rrver. 

:he  present  example  thr  ln'i«^ht  of  the  ohserver  was  20  feet,  and  the 
L  of  tin-  oliit'et  Z  0  feit. 
Fahle  X.  opp'jsite  Jo  frrt  is     r>.U-:  mil*-. 

-:0U  (Vrt  IM,71 


DiManei-  21, »'..->  ^tat'ite  nnles  of  ahout  GO4  to  adc- 

th**  distaneein  naul:e;«l  le:tuu»*s,  t»f  20  to  a  dejrree^  being;  about  7. 

IMiOBLEM   IX. 

ianb»intron  th-  lu'.in-tt.jf-i^iiUfmt-nnist  of  a  man  of  war,  'ZK)Q  feet  altote, 
tfr.  Sfts  a  ion  iruii  shin  sh*  hud  tn^ai^^d  thf  dai/  hfarr^  hull  to  ;  how  far 
host  ships  dishmt  fn  in  n;r1i  nUur  / 

hip  of  100  jcuns  ir  a  fir^r  rale  man  of  war,  is  ahout  (10  feet  from  the 
othi"  rail.-,  from  uliieh  didnrt  aljuni  2o.  Iea\f>  10  for  the  height  of  her 
er-deck  ahovi*  water.  Now  :i  ship  is  sfvn  Imll  to  wiien  her  upper 
« just  appear. 

In  Table  X.  oj-fo-ite  2(J0  feet  stand  13.71 

10  fitet  3.37 

Dislaneo  27. Oo  ruilc*^. 

IMIOBLEM  X. 

on  steimr  the.  jlnsh  of  a  «r?'H,  /  count' d  so  seconds  hy  a  watch  before  i 
tkereftort :  Hfir  for  mis  thnt  frun  from  w".  sirpjjosiuE^  that  sound  moves  at 
te  of  M\Zff*t  fi'.r  S'  rnint  / 

"  velocity  n\'  li^ih!  i*  -'o  urerit.  that  the  seein;i^  of  any  act  done  even  a 
ernf  mib's  di^tJine*'.  i- instantaneous :  but  bv  olisenalion  it  is  found 
ound  moves  at  th«'  liU*-  of  11  12  I'lM-t  per  hceond.  or  about  one  statute 
n  t.n  second^'  :  e^•nMM^M^■n^|^  the  oinnber  of  seconds  elapsed  between 
:  the  flash  and  Iwnri  1;:  tlie  ri-port,  beins  divided  by  4.fi  will  give  the 
ce  in  statute  miles.  In  the  pri'sent  exam[ile  the  distance  was  about  (>i 
because  ;JOili\idi'd  l»v  \J\  ouote^  (\\  nearK. 

PHOBl.RM  XI. 
find  tht  difftrtnrt  h'tirfin  thr  true  and  appannt  directions  of  the  wind. 

ipo*»e  that  a   ship  uiuvi-h  in  llie  direction  f'B  tVom  C  f  J^ 

fthiU*  the  wind  mo\es  in  its  true  directi«»n  from  X  to 
eflV.'Ct  on  the  ship  \\  ill  he  tiie  same  as  if  she  was  at  rest 
le  wind  bhw  in  tlo-  direction  AC  uitii  a  velocity  re- 
ited  by  \i\  the  \elneiry  of  the  -dip  hein;;  represent- 
BC.  In  this  cay-  tlie  aiij;le  BAC  will  represent  the 
:nce  between  the  true  .uid  appan-nt  directions  of  the 
:  the  apparent  beiii^  mon*  a-li«'ad  than  the  true,  and 
sler  the  \r.'ssel  Kiiesth**  nii'P- a-ln-ad  the  wind  willap- 
;o  be.  We  muat,  \\n\\  e\  er.  except  the  case  w  here  the 
in  directly  aft,  in  whicii  ease  the  direction  is  not  altered, 
sowing  to  the  difffrener  l»»:twccn  the  true  and  oppa- 
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rent  diniclions  of  thr  wind,  that,  it  appears  to  shift  its  direction  by  tacking 
ship  ;  and  if  tlic  differpnce  of  tho  direct ii)ns  h«^  obsened  when  on  diffefenr 
boards  (the  wind  on  both  tacks  bein«;  supposed  to  remain  constant,  and  the 
vessel  to  have  the  same  velocity  and  to  sail  at  the  same  distance  from  the  wind) 
the  half  difference  will  be  equal  to  the  anjijle  BAC  :  by  knowinj^  which,  to- 
gether with  the  velocity  of  the  ship  BC,  and  the  angle  BCA,  we  may  obtiin 
the  true  velocity  of  the  wind  ;  or,  by  knowing  the  veloHty  of  the  wind  and 
of  the  ship,  and  the  apparent  direction  of  the  wind,  we  may  calculate  the 
difference  between  th4^  true  and  apparent  directions  of  the  wind. 

Thus  if  the  velocity  of  a  ship  represeiiti-d  by  BC  be  7  miles  per  hour, 
that  of  the  wind  represented  by  AB  -27  miles  per  hour,  and  the  ani^le  of  th»' 
vessel's  course  witli  the  .ipparent  direction  of  tiie  wind  BCA=7i  points  "- 
the  difference  between  the  true  and  apparent  dinrctions  of  the  wind  wouV** 
be  obtained  by  drawinf!;the  line  BC=7  miles  taken  from  any  scale  of  equ^*-^ 
parts  and  making  the  ani^le  BCA=7A  points,  then  with  an  extent  equal!- 
27  miles,  taken  from  the  scale,  and  with  one  foot  in  B  describe  an  arch  •^ 
cut  the  line  AC'  in  A.  join  AB  :  tln-n  the  ansle  BAC  beinj;  measured,  will  1   •* 
the  sought  dift'erence  between  tiie  true  and  apparent  direetiona  of  the  winr 

BY  LOGAHITHMS. 

As  AB         527     miles  log.  ar.  eo.         i:.:>6G(;i' 

JstoBCA      7i  points  loif;.  sin.-  \),U\nUO 

Soi?B('         7     miles  log.  O.JU&IO 

To  BAC     11^  TiT'  log.  sine  9.11161 

So  that  in  this  ease  the  dilTere.nre  between  the  true  and  apparent  dircctioij»> 
of  the  wind  is  about  1  \  points,  and  by  tacking  ship  and  sailing  on  the  otbe-^ 
bocird  as  above  mentioned,  the  ^\ind  would  a|)pear  to  change  its  direction  * 
above  C^  points. 

PPvOBLKM  VII. 

To  measure  the.  hti^ht  of  a  mountain  hif  mtansof  the  huirhts  of  two  barometer  " 

tahn  at  thf  top  and  bottom  of  the  mouiitain. 

Procure  twi»  barometers  with  a  thermometer  attiched  to  each  of  thcni'* 
in  order  to  ascertain  the  temperature  of  the  mercury  in  the  barometers,  an^ 
two  other  thermometers  of  tin*  samt!  kind  to  ascertain  the  tempentiirc  o^ 
the  air-  Then  one  observer  at  the  top  of  the  mountain,  and  anotkeT'St  th  ** 
bottom,  must  observe  at  the  same  time  the  heightsof  the  barometers  and  th  ^ 
thermometers  attached  thereto,  and  the  heights  of  the  detached  thermos 
meters,  placed  in  the  open  air,  hut  shelten'd  from  the  sun.  Having  take^ 
these  observations,  the  height  of  the  upper  observer  above  the  lower  ma^ 
lie  determined  by  the  following  rule,  which  is  adapted  to  a  scale  of  Englis  k 
inches  and  to  Fahrenheit's  thermometer. 

KuLE.  Take  the  difference  of  the  logarithms  of  the  observed  heights  C* 
the  barometer  at  the  two  stations,  consiclering  the  first  four  figures,  excluriv'  < 
«>f  the  index,  as  whole  numbers,  the  remainder  as  decimals  ;  to  this  differ* 
ence  must  be  applied  the  product  of  the  decimal  0,454,  by  the  differenre  o 
the  altitudes  of  the  two  attached  thermometers,  by  subtracting  if  thetheT 
raometer  was  highest  at  the  lowest  station,  otherwise  adding :  the  sum  «> 
difference  will  be  the  ;ipproximate  heigiit  in  English  fathoms.  Multiply  tti^ 
by  the  decimal  0,00121 1,  and  by  the  dilTerence  between  the  mean  of  the  ti**' 
•altitudes  of  the  detached  thermometers  and  3*2'^,  the  product  will  be  a  CO^ 
rcction  to  be  addiul  to  the  approximate  height  when  the  mean  altitude  ^ 
the  two  detached  thermometers  exceeds  32^,  otherwise  subtracted  ;  the  si«  * 
or  difference  will  be  the  true  height  of  th»!  upper  above  the  lower  obscrr  •* 
in  English  fathoms,  w  hich  multiplied  by  6  will  b«>  the  height  in  feet. 

EXAMPLE. 

Suppose  the  following  observations  were  taken  at  the  top  and  bottom  o 
n>nuntain.   Required  its  height  in  fathom?  ? 
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15«r) 


Attached  thcnn.  Deticht<l  therm. 
Obs.  at  lower  station  07^  OG^ 

Upper  station  43  4;: 


I">ifference 


]4 


BaronirttT. 

29,60  inch.     log.    1  liil,»; 
^'o,2li  log.  140S;7,Ji 


3Ican  49 
32 

Difference 
0,454X14 

Approx.  height 
090,4X17X0,00214 

Height  in  fat h. 

696,3 
6,4 

Diff.     17 

690,4 
£8,6 

719,0 

MENSURATION. 

PROBLEM  I. 

To  find  the  area  of  a  Paralkiograut, 

RULE. 

^iULTIPLY  the  base  by  the  perpendicular  height,  the  product  will  be 
^«  area. 

^i'oTC  If  both  dimensions  arc  given  in  feet,  inches,  kc  the  product  will 
^  the  area  expressed  in  square  feet,  square  inches,  &.c.  respectively ;  if  one 
^f  the  dimensions  be  given  in  feet  and  the  other  in  inches,  the  product  di- 
yi^^d  by  It  will  be  the  answer  in  square  feet ;  if  both  dimensions  are  ^ven 
*^  inches,  the  product  will  be  square  inches,  which  divided  by  144  will  be  the 
^'^s^vrer  in  square  feet.  The  same  is  to  be  understood  in  finding  the  area  of 
**^«r  sariaces. 


Example  L    Suppose  the  base  DB  of  the  rcctan-  J^ 
S^l&r  parallelognm  ACBD  is  7  feet,  and  the  perpen- 
"»oi.ilarBC  3  feet;  required  the  area?     The  product 
^^   the  base  7  feet  by  the  perpendicular  3  feet  gives 
ta^  MFwtt  f  1  square  feet. 


^KAMFhK  II.     Suppose  ACBD  is  a  board  whose  JLI  

"^S^  I)B  is  3A  feet  and  breadth  BC  is  14  inches ;  required  the  number  of 
^U^re  feet?  The  product  of  the  base  2^2  feet  by  the  breadth  14  inches  is  308, 
taia  divided  by  12  gives  25  square  feet,  the  sought  area. 
.  KxAMPLE  III.  If  DB  be  25  inches  and  BC  20  inches ;  required  the  area 
^  ^uare  feet  ?  The  product  of  the  base  25  inches  hy  the  perpendicular  20 
i*^faes  gives  500,  which  divided  by  141  gives  the  area  3,47  or  3  .^  square 


_- ^E  rV.     Given  the  base  AD  of  the 

oblique  angular  parallelogram  ABCD,  equal 
^  90  feet,  and  the  perpendicular  height  BE 
'^  feet;  required  tlie  area  of  the  parallelo- 
P*m  1    Multiply  the  base  30  feet  by  the  per-       /     i 

P^Qdicular  15  feet;  the  product  450  is  the  A^ L. 

^■ta  in  square  feet.  £ 

PROBLEM  II. 

To  find  the  ana  of  a  Triangle, 

-  ^cix.    Multiply  the  base  by  half  the  perpendicular  height,  and  the  pro- 
^'**^  will  be  the  area  required. 

Cc 
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Example.  Given  the  base  AC  30 
feet,  and  the  perpendicular  DB  20  feet, 
required  the  area  of  the  triangle  ?  The 
base  30  multiplied  by  half  the  perpendi- 
cular 10  gives  the  area  300  square  feet. 


PROBLEM  III. 

To  find  the  area  of  any  irregular  right-Untd  figure. 

Rule.  Reduce  the  figure  to  triangles  by  drawing  diagonals  therein ;  then 
find  the  area  of  each  triangle,  and  the  sum  of  them  will  be  the  area  of  the 
proposed  figure.      Or,  instead  of  B 

finding  the  area  of  each  triangle  ^'^Tx  S^ 

separately,  you  may  find  at  one 
operation  the  area  of  two  trian- 
gles having  the  same  diaji^onal  by    a 
multiplying  the  diagonal  by  half  ^^ 
the  sum  of  the  perpendiculars  let 
fall  thereon. 

Example.  Required  the  area 
of  the  figure  ABODE,  in  which 
£0=33  feet,  EB=22  feet,  and  E 

the  perpendicular  AF=13  feet,  BG  =  14  feet,  and  DH=:U  feet?     The  diab — 
gonal  EB,  aa  feet,  multiplied  by  half  the  perpendicular  AF,  6.5  feet,  give— 
the  area  of  the  triangle  AEB,  14S  square  feet;  and  the  diagonal  E0»  dS  fee^^ 
multiplied  by  half  the  sum  of  the  perpendiculars  BG  DH,  IS  feet  gives  tl^^. 
area  of  the  figure  BODE,  4S9  feel ;  this  added  to  the  triangle  AEB  143  fee^ 
gives  the  whole  area  D7S  square  feet. 

PROBLEM  IV. 

To  find  the  area  of  a  circle. 

Rule.    Multiply  the  square  of  the  diameter  of  the  circle  by  the  quanta    i 
0.7854,  and  you  will  have  the  sought  area. 

Note.     Instead  of  multiplying  by  0.7854  (J 

you  may  multiply  by  11  and  divide  bv  14,  the 
(quotient  will  be  the  area  nearly.  This  quan- 
tity .7854  represent^  the  area  of  a  circle  whose 
diameter  is  1.  The  circumference  of  tlie  same 
circle  being  3.1416  nearly.  The  proportion  of -rx 
the  diameter  to  the  circumference  is  express-  ^ 
ed  in  whole  numbers  by  the  ratio  of  7  to  Si 
nearly;  or  more  exactly  by  113  to  355.* 

EXAMPLE. 

Required  the  area  of  a  circle  ABCD,  whose  ^^'**— -r- 

diameter  BD  is  lU.s  feet  ?  -A. 

The  diameter  lO.G  multiplied  by  itself  and  by  .7854  gives  the  sought 
S8.247544  square  feet. 

PROBLEM  V. 

To  find  the  area  of  an  Ellipsis  or  Oral. 
Rule.    Multiply  the  longest  diameter  by  the  least,  and  the  product  '^^ 


*  Tbb  ntJO  m^j  beeaiily  remembeml  by  obMiring  that  if  the  flrsi  thrc«  odd  aoaiben  ItSiM'^btf 
pteleO  twice,  they  will  produce  the  bumnlliy  ]lS3fi9 :  the  ilircc  ftnt  figures  of  which  aaJU  tm     ^ 
term  of  Uic  mtio,  aiid  the  Cbite  k«t  xhc  lui  tenn  or  the  ratio. 
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.7854,  this  last  product  ivill  be  the 
area  required. 

Example.  Required  the  area  of 
an  Ellipsis  or  Oval  A  BCD,  whose 
longest  diameter  AC  is  li2  feet,  and 
the  shortest  diameter  BD  10  feet  ? 

The  product  of  the  two  diameters 
is  12xlO=HO,  this  multiplied  by 
.7854  gives  the  sought  area  04.2480 
square  feet. 

The  area  of  a  sector  of  a  circle 
may  be  found  by  means  of  the  whole 
area  of  the  circle  obtained  in  Problem  IV.  b>  saying,  as  360  degrees  is  to  the 
angle  contained  between  the  two  legs  of  the  sector,  so  is  the  whole  area  of 
the  circle  to  the  area  of  the  sector. 

There  are  various  regular  solids,  the  most  noted  are  the  following. — (1)  A 
Cube,  which  is  a  figure  bounded  by  six  equal  squares.  (2)  A  ParalUlqnped 
which  is  a  solid  terminated  by  six  quadrilateral  figures,  of  which  the  opposite 
ones  are  equal  and  parallel.  (3)  A  Cylinder,  which  is  a  figure  formed  by  the 
revolution  of  a  rectangular  parallelogram  about  one  of  its  sides.  (4)  A  Py- 
ramid, which  is  a  solid  decreasing  gradually  from  the  base  till  it  comes  to  a 
point.  There  are  various  kinds  of  Pyramids  according  to  the  figure  of 
their  bases  :  thus  if  the  base  be  a  triangle,  the  solid  is  called  a  triangular  pff- 
ramid :  if  a  parallelogram,  a  paralhloscramic  pyramid  :  and  if  a  circle,  a  ar- 
cular  pyramid,  or  simply  a  Cone.  The  point  in  which  the  pyramid  ends,  is 
called  the  Vertex,  and  a  line  drawn  from  the  vertex  perpendicular  to  the  base 
is  called  the  height  of  the  pyramid. 

PROBLEM  VI. 
To  find  the  solidity  of  a  Cube. 

Rule.    Multiply  the  length  of  a  side  of  tlie 


the  dimensions  were  given  in  feet ;  but  in  cubic 
inches  if  the  dimensions  were  given  in  inches, 

Example.    If  the  side  AB  of  the  cube  of  6.3 
ff'Vt  it  b  required  to  determine  the  solidity  ? 

The  product  of  6.S  by  6.3  is  39.69.  this  mul- 
tiplied again  by  6.3  gives  the  solidity  ^50.047   J\ 
cubic  feet. 

PROBLEM  VII. 
To  find  the  soUaity  of  a  Rectangvlar  ParalleUpipfd. 

Rule.     Multiply  the  length,  breadth  and  depth,   into  each   other  ;  the 
product  will  be  the  solidity  required. 

Example.  Suppose  in  the 
parallelepiped  ABCDFGnE,the 
Icnfcth  EF  is  36  feet,  the  breadth 
C;F  16  feet,  and  the  depth  FD  A 
1  i  feet ;  it  is  required  to  find  the 
solidity  ? 

The  product  of  the  length  36 
by  the  breadth  16  is  076,  this 
multiplied  by  the  depth  1^  gives 
the  solidity  681  "2  cubic  feet. 

E 

PROBLEM  VIU. 
To  find  the  solidity  of  a  Cylinder. 
Rule.    Multiply  the  square  of  the  diameter  of  the  base  by  the  length 
and  this  product  by  the  constant  quantity  .7854  ;  this  last  product  will  be 
the  lolidity  required. 


MENSURATIOX.  yj7 

If  the  vessel  be  double-decked,  take  the  length  thereof  from  the  fore  part 
of  the  mun  stem  to  the  after  part  of  the  stern-post  above  tiie  upper  d^ck  ; 
the  breadth  thereof  at  the  broadest  part  above  the  main  wales,  hidf  of  which 
breadth  shall  be  accounted  the  depth  of  such  vessel  ;  then  deduct  from  the 
Ipnj^th  three-fifths  of  the  breadth,  multiply  the  remainder  by  ttie  brcadtli, 
and  the  product  by  the  depth  ;  divide  this  last  product  by  ninety-five,  and 
the  quotient  will  be  the  true  content  or  tonnage  of  such  vessel. 

If  the  vessel  be  single-decked,  take  the  length  and  breadth  as  above  direct- 
ed, in  respect  to  a  douhlo-decked  vessel,  and  deduct  from  the  length  three- 
fifths  of  the  breadth,  and  taking  the  depth  from  the  under  side  of  the  deck 
plauk  to  the  ceiling  of  the  hold  ;  multiply  and  divide  as  aforesaid,  the  quo- 
tient will  be  the  true  content  or  tonnage  of  such  vessel. 

Example.  Suppose  the  length  of  a  double-decked  vessel  is  80  feet,  and 
the  breadth  21  feet,  what  is  her  tonnage  ?  Three-fifths  of  the  breadth  24 
Ceet,  is  1 4.4  feet  which,  subtracted  from  the  length  80  feet,  leaves  65.6. 
This  multiplied  by  the  breadth  2t  feet  gives  1574.4,  this  multiplied  by  the 
depth  13  feet  (half  of  21)  gives  18892.8,  which  divided  by  95  quotes  the 
tonnage  198.8. 

Carpenters,  in  finditig  the  tonnage,  multiply  the  Icnj^h  of  the  keel  by  the 
breadth  of  the  main  beam  and  the  depth  of  the  hold  in  feet,  and  divide  the 
product  by  90  ;  the  quotient  is  the  number  of  tons.  In  double-decked  vei- 
>els  half  the  breadth  is  taken  for  the  depth. 


GAUGING. 

HAVING  found  the  number  of  cubic  inches  in  any  body  by  the  precedinj; 
**ule»,  you  may  thence  determine  the  content  in  gallons,  bushels,  kc.  by 
Y^ividing  that  number  of  cubic  inches  by  the  number  of  cubic  inches  in  a 
gallon,  bushel,  &,c.  resp«'ctivcly. 

A  wine  ^//on,  by  which  most  liquors  are  measured,  contains  2:31  cubic 
inches.     A  Uer  gallon,  by  which  beer,  ale,  and  a  few  other  liquors  are  mea- 
Tsured,  contains  202  cubic  inches.     A  fursthd  of  corn,  malt,  &cc.  contains  2150.  i 
«-ubic  inches  :  this  measure  is  subdividtid  into  8  gallons,  each  of  which  con- 
tains 268.8  cubic  inches. 

in  all  the  following  ruhs,  it  will  hf  suvpnstd  that  the  dimensions  of  the  bod}f 
*inf  giten  in  inches,  and  decimal  jfarts  of  an  inch, 

PROBLEM  I. 
To  find  thf.  number  of  gallons  or  bushels  in  a  body  of  a  cubic  form. 

Rule.  Divide  the  cube  of  the  sides  by  231,  the  quotient  will  be  the  an- 
-^wer  in  wine  gallons  ;  or  by  2o2  and  the  quotient  will  be  the  answer  in  beer 
jgallons;  or  by  2150.  (,  and  the  quotient  will  be  the  number  of  bushels. 

Example.  Required  the  number  of  wine  gallons  cuntained  in  a  cubic 
cistern,  the  length  of  whose  side  is  62  inrhci^  Multiplying  62  by  itself  and 
the  product  again  by  62,  gives  the  solidity  ^8;>28  ;  v\Iiich  divided  by  2J1 
^iies  the  content  10.*) li  wine  gallons. 

PROBLEM  11. 

To  find  the  number  of  gallons  or  bushels  contaimd  in  a  body  of  the  form  of  a 
rectangular  Parallelepiped,  See  the  figure  of  Problem  VII.  of  Mensuration. 

Rule.  Multiply  the  length,  breadth,  and  depth  together ;  divide  this  last 
product  by  2dl,  for  wine  gallons  ;  by  282  for  beer  gallons  ;  and  by  2150*4 
X\}T  bushels. 

Example.  Required  the  number  of  wine  gallons  contained  in  a  cistern 
ABCDFGHE  (see  fig.  Prob.  VII.  of  Mensuration)  of  the  form  of  a  paral- 
lelepiped, whose  length  EF  is  66  inches,  its  breadth  GF  35  inches,  and  its 
depth  FO  24  inches.  Multiplying  the  length  66  by  the  breadth  35  gives 
2,-JlO,  this  multiplie4  by  the  depth  24,  gives  the  solidity  55440  ;  which  di- 
vided by  231  quotes  240  wine  Rallon«*. 


l!i:: 
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PROBLEM  III. 

To  find  the  numler  nf  gallons  or  bushels  contained  in  a  body  of  a  cylindrkat 

form. 

Rule.  Multiply  the  square  of  the  diameter  by  the  height  of  the  cylinder, 
and  divide  the  product  by  294.  lil,  the  quotient  will  be  the  number  of  wine 
gallons  ;  if  you  divide  by  359.05  the  quotient  will  be  the  number  of  ale  gal- 
lons ;  and  if  you  divide  by  2738,  the  quotient  will  be  the  number  of  bushels. 

Note.  These  divisors  are  found  by  dividing  231,  282,  and  2150.4  by 
.7854. 

Example.  Required  the  number  of  wine  gallons  contained  in  the  cylin- 
der AFHD  (See  the  fig.  of  Proh.  VIII.  of  Mensuration)  the  diameter  AD  of 
its  base  being  26  inches,  and  length  HD  18  inches  ?  The  diameter  26  mul- 
tiplied by  itself  gives  676,  this  multiplied  by  the  length  18,  gives  the  solidity 
12168,  which  divided  by  294.12,  gives  the  answer  41  wine  gallons. 

PROBLEM  IV. 

To  find  the  number  of  gallons  or  bushels  contained  in  a  body  of  the  form  of  a 
pyramid  or  cone.     (See  figures  of  Prol>lem  X.  of  Mensuration.) 

Rule.  Multiply  the  area  of  the  base  of  the  pyramid  or  cone  by  one- 
third  of  its  perpendicular  height ;  the  product  divided  by  231  will  give  the 
answer  in  wine  gallons  ;  if  divided  by  282,  the  quotient  will  be  the  number 
of  beer  gallons  ;  and  if  divided  by  2150.4,  the  quotient  will  be  the  number 
of  bushels. 

Example.  Required  the  number  of  beer  gallons  contained  in  a  pyramid 
DEFGK  (See  fig.  Prob.  X.  Example  I.)  whose  base  is  a  square  EFGK.  a 
side  of  which,  as  EF,  is  equal  to  30  inches,  and  the  perpendicular  height  ol 
the  pyramid  is  60  inches  ?  The  square  of  30  is  the  area  of  the  base  BOO, 
this  multiplied  by  one-third  of  the  altitude  20,  gives  the  solidity  18000, 
which  divided  by  282,  gives  the  answer  in  beer  gallons  63.8. 

PROBLEM  V. 

To  find  the  number  of  gallons  or  bushels  contained  in  a  body  of  the  form  of  u 

f rust  rum  of  a  cone.     (See  the  figure  below.) 

Rule.  Multiply  the  top  and  bottom  diameters  together,  and  to  the  pro- 
duct add  one-third  of  the  square  of  the  dififrrence  of  the  same  diameters : 
multiply  this  sum  by  the  perpendicular  height,  and  divide  the  product  by 
294.12  for  wine  gallons,  by  359.05  for  ale  gallons,  and  by  2738  for  bushels. 

Example.     Given  the  diameter  DC  of  the        j^  ^irrTiT......  -^^^'R 

bottom  of  a  frustrum  of  a  cone  36  inches,  the  — 

top  diameter  AB=27  inches,  and  the  perpen- 
dicular height,  FE  50  inches.  Required  the 
content  in  wine  gallons  ?  The  product  of  the 
two  diameters  36  and  27  is  972  ;  their  differ- 
ence is  9,  which  squared  and  divided  by  8         ^^ 

gives  27  ;  this  added  to  972^ves  999,  which    J)^S- ^— JJ-^^C 

multiplied  by  the  height  50  gives  the  solidity         ^^^ •"^'^"'^ 

49950  ;  this  divided  by  294.12  quotes  the  content  in  wine  gallons  169. 

PROBLEM  VI. 

To  gauge  a  cask. 

To  gauge  a  cask,  you  must  measure  the  head  di- 
ameters FA,  DC,  and  take  the  mean  of  them  when 
they  differ ;  measure  also  the  diameter  EB  at  the 
bung,  (taking  the  measure  within  the  cask)  ;  then 
measure  the  length  of  the  cask,  making  due  allow- 
ance for  the  thickness  of  the  heads.  Having  these  A^ 
lUmensions,  you  may  calculate  the  content  in  gallons  ^^ 
nr  bushels,  by  the  following  nile. 


GAUGING.  l!«:» 

Rruc.  Tike  the  difference  between  the  head  and  bung  diameters,  multi- 
ply this  by  .62  and  add  the  product  to  tlie  head  diameter,  the  sum  will  be 
the  mean  diameter ;  multiply  the  square  of  this  by  the  length  of  the  cask, 
and  dinde  the  product  by  <294.12  for  wine  gallons,  by  359.05  for  beer  gallons, 
and  by  2738  for  bushels. 

The  quantity  .62  is  generally  used  bv  gaugers  in  finding  the  mean  diame- 
ter of  a  cask ;  but  if  the  staves  are  nearly  straight,  it  would  be  more  accurate 
to  take  55  or  less  ;*  if,  on  the  contrary,  the  cask  is  full  on  the  quarter,  it 
would  be  best  to  take  .64  or  .65. 

EzjkMPLE.  Given  the  bung  diameter  EB=54.5  inches,  the  head  diameter 
KAsDCsrSO.T  inches,  and  the  length  59.S  inches ;  required  the  number  of 
wine  gallons  this  cask  will  hold  ?  The  difference  of  the  two  diameters  d4.5, 
and  30.7,"  is  3.8  ;  this  multiplied  by  .62  gives  2A  nearly,  to  be  added  to  the 
head  diameter  30.7  to  obtain  the  mean  diameter  33.1.  The  square  of  33.1 
is  1095.61,  this  multiplied  by  the  length  59.3  gives  the  solidity  64969.673, 
which,  divided  by  294.12,  quotes  the  content  in  wine  gallons  220.8. 

T(^  gauge  a  cask  by  means  of  the  lint  of  numbers  on  Guntefs  Scale,  or  o^ 

tht  calipers  used  by  gaugers. 
Make  marks  on  the  scale  at  the  points  17.15,  18.95,  and  52.33,  which 
numbers  are  the  square  roots  of  294.12,  359.05,  and  2738,  respectively.  A 
brass  pin  is  generally  fixed  on  the  calipers  at  each  of  these  points,  which  are 
called  the  gauge  points.  Having  prepared  the  scale  in  this  manner,  you  may 
calculate  the  number  of  gallons  or  bushels  by  the  following 

Rule.  Extend  from  1  towards  the  left  hand  to  .62,  (or  less  if  the  staves 
be  nearly  straight)  that  extent  will  reach  from  the  difference  between  the 
head  and  bung  diameters,  to  a  number  to  the  left  hand,  which  added  to  the 
iiead  diameter  will  give  the  mean  diameter;  then  put  one  foot  of  the  com- 
passes upon  the  gauge  point — ^wbich  is  17.15  for  wine  gallons,  18.95  for.  ale 
^aJlonSv  and  .^2.33  for  bushels — and  extend  the  other  to  the  mean  diameter ; 
t^his  extent  turned  over  twice  the  same  way,  from  the  length  of  the  cask,  will 
aeive  the  number  of  gallons  or  bushels  respectively. 

In  the  preceding  example  the  extent  from  1  to  .62  will  reach  from  3.8  to 
S.4  neauiy,  which  added  to  30.7  gives  the  mean  diameter  33.1. 

Then  the  extent  from  the  gauge  point  17.15  to  33.1,  turned  over  twirti 
'from  the  length  59.3,  will  reach  to  220.8  wine  gallons. 

If  you  had  used  the  gauge  point  18.95,  the  answer  would  have  been  in  ale 
fzailons ;  and  if  you  had  used  5-::.35,  the  answer  would  have  been  in  bushels. 


SURVEYING. 

LAND  is  generally  measured  by  a  chain  of  66  feet  in  length,  divided  into 
00  equal  parts  called  links,  each  link  being  7.92  inches. 
A  pole  or  rod  is  16^  feet,  or  25  links,  in  length ;  hence  a  square  pole  con- 
ins  2724  sauare  feet,  or  625  square  Hnks. 
An  aer€  of  land  is  equal  to  160  square  poles,  and  therefore  contains  43560 
^uare  feet,  or  100,000  square  links. 

To  And  the  number  of  square  poles  in  any  piece  of  land,  you  may  take  the 
dimensions  of  it  in  feet,  and  find  the  area  in  square  feet,  as  in  the  preceding 
J'roblems ;  divide  this  area  by  43560,  the  quotient  will  be  the  number  of  acres: 
^>r  by  272.25,  and  the  quotient  will  be  the  number  of  square  poles.  If  Uie 
^limensions  be  taken  in  links,  and  the  area  be  found  in  square  links,  you  may 
^(ibtain  the  number  of  acres  by  dividing  by  100000  (that  is,  by  crossing  off 

•  In  tlw  cBanple  to  ProUcin  V.  preceding  (which  nay  he  cfteemed  m  the  half  of  •  hofthcad  whik 
mtAwn  pcfflecllj  Araight)  the  multiplier  k  oolv  ^1.  For  this  multiplied  t^  9^  the  diflereooe  between 
^b  and  DC,  mu4w€M%  4.99  or  4.6  nearly,  which,  added  to  27,  and  the  mb  31.6  fqoarod.  mi|i|>licd  by  6v 
mini  dirldod  by  294.13  qaotes  ie»  gilfcnis  BCariy. 
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the  five  ri;;lit  hand  figures:)  and  the  number  of  square  poles  may  be  oblaia- 
«.'d  hy  dividing  by  6^25. 

PKOBLEM  I. 

To  find  the  number  of  acres  and  poles  in  a  piece  of  Imid  in  the  form  of  a  net- 

anfrular  parallelogram. 

Rule.  Multiply  the  base  by  the  perpendicular  height,  and  divide  by  625, 
if  the  dimensions  were  taken  in  links,  but  by  S7S.S5,  if  they  were  taken  in 
feet ;  the  quotient  will  be  the  number  of  poles,  which,  divided  by  160,  will 
give  the  number  of  acres.  i 

Example  I.  Suppose  the  base  DB  (see  the  figure  of  Ex.  I.  Prob.  I.  of 
Mensuration)  of  the  rectangular  parallelogram  ACBD  is  60  feet,  and  the  per- 
pendicular BC  25  feet ;  required  the  area  in  poles  ? 

The  product  of  the  base  60  by  the  per)>endicular  25  gives  the  content 
1500  square  feet,  and  by  dividing  by  273,25,  we  obtain  the  answer  in  squarr^ 
poles  5.5. 

PROBLEM   II. 

To  find  the  number  ofacrrs  and  poles  in  a  piece  of  land  in  the  form  of  an  oh- 
lique-anguiar  jKirallelogram.     (See  the  figure  of  Prob.  I.  Ex.  IV.  of  Men- 
suration.) 
R[;lk.    This  area  may  be  found  in  exactly  the  same  manner  as  in  the 

preceding  Problem,  by  multiplying  the  base  AD  by  the  perpendicular  height 

HE,  and  dividing  b^  625,  when  the  dimensions  are  taken  in  links,  but  by 

272.25  when  taken  m  feet ;  the  quotient  will  be  the  answer  in  poles,  which 

divided  by  160  will  give  the  answer  in  acres. 

Example.     Suppose  the  base  AD  is  632  links,  and  the  perpendicular  BE 

526  links;  required  the  number  of  poles? 
Multiply  the  base  632  links  by  the  per])endicular  326  links,  the  product 

206032  divided  by  625,  gives  the  answer  in  poles  329. 

PROBLEM  III. 

To  find  the  number  of  acres  and  polts  in  apiece  of  land  of  a  triangular  form. 

Rule.  Multiply  the  base  by  the  piTpendicular  height,  and  divide  the 
])roduct  by  1250  when  the  dimensions  are  given  in  links, but  by  54^5  when 
they  are  given  in  feet ;  the  quotient  will  be  the  answer  in  poles. 

>i'<>TK.  Instead  of  dividing  by  1250,  you  may  multiply  by  8,  and  cross  off 
the  four  right  hand  figures. 

Example.  Given  the  basr  AC  (si-e  fig.  of  Prob.  II.  of  Mensuration)  equal 
to  300  feet,  and  the  perpendicular  BD  1 50  feet ;  required  the  area  in  poles  ? 

Multiply  the  base  300  hy  the  perpendicular  150,  the  product  45000,  divided 
by  5 14.5,  quotes  tlie  tinswcr  in  poles  82.6. 

PROBLEM   IV. 

7'o  find  the  number  of  acres  and  poles  in  a  piece  of  land  of  any  irregtflar 

right-lined  figure. 

Rule.  Find  the  area  as  in  Problem  HI.  of  MensuraUon,  by  drawing  di- 
agonals, and  reducing  the  figure  to  triangles  :  the  base  of  each  triangle  being 
multiplied  by  the  perpendicular,  (or  by  the  sum  of  the  perpendiculars  (ailing  ^^ 

on  it)  and  the  sum  of  all  these  products  divided  by  1250  when  the  dimen * 

sions  are  given  in  links,  but  by  514.5  when  in  feet,  will  give  the  area  of  Um 
figure  in  poles. 

Example.    Suppose  that  the  piece  of  land  is  of  the  same  form  as  the  figi 
in  Prob.  III.  of  Mensuration,  and  that  EB=22  feet,  EC=d3  feet,  AF=1: 
feet,  BG=14  feet,  and  DH=12  feet :  it  is  required  to  find  the  area  in  poles  T 

The  product  of  EB  22  feet,  by  AF  13  feet,  gives  double  the  triangle  EAF 
S86  square  feet ;  and  the  diagonal  EC  .33  feet,  multiplied  by  the  sum  of  the^  ^ 
IHirpendiculars  BG,  DH,  26  feet,  gives  double  the  figure  BCDE,  858  squsxtr^^ 

feet ;  the  sum  of  this  and  286,  divided  by  544.5  gives  the  area  2,1  or  2j^^  poles     ^ 


t» 
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the  sum  of  the  Dilf- of  Lat.  is  31.-:,  and  the  sum  of  the  departure  36.0  :  W    ^^ 
it  more  frequently  happens  that  the  nuinhers  do  not  agree ;  in  which  C^^^^^ 
the  work  ou)i;httobc  carefully  examined,  and  if  no  mistake  can  be  fouK^::^,) 
and  the  error  is  great,  the  place  ought  t<>  bii  surveyed  again  ;  but  if  the  1 1     ^  m' 
be  small,  it  ou^ht  to  be  apportioned  among  all  the  differences  of  iatitt^j^cle 
and  departure,  insuch  manner  as  to  produce  the  required  correction  with  t->m 
least  possible  changes  in  tht^  given  numbers.     The  method  of  doing  this  Wr^ 
explained  by  me  in  thf  fourth   number  of  the  Analyst,  in  answer  to  a  pw-f-^a 
question  of  Professor  Patterson,  and  h  as  follows.     Find  the  error  in  Latf^ 
tude,  or  tlic  difference  between  the  sums  of  southing  and  northing,  sJso   tt^' 
sum  of  the  boundary  lines,  AB,  ftC,  &.C.     Then  aay,  as  this  sum  ii  to  tf:*^ 
error  in  latitude,  bo  is  the  length  of  anj[  particular  boundary  to  the  correct'^  '^ 
of  the  cornel) oiiding  difference  of  latitude,  additive  if  in  the  column  wbos^^^ 
sum  is  the  least,  otherwise  subtractive.    The  corrections  of  the -departur^l^^. 
nre  found  by  the  same  rule,  except  changing  diff.  of  lat.  into  departurr'''^^l^ 
Thus  in  the  adjoined  example,  the  sum  of  the  boundary  tines  is  16I.B,  th^^ 
error  of  latitude  is  0.10  and  of  departure  ,08, 
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and  the  corrections  of  the  dilT.  of  lat.  and  departure  arcfound  ^  the  follow-  — '^ 
ing  proportions : 

liii.  Bm. 

KtJl-.fMO-.Mt   :iUI»  IG.IS  :  CLU  :  :  «    ^(01 

;;S»  -.DM  —      •'- 

-.-.V   tIM» 

:  ;3I   lOM  :  :  31     mat 

The  Arst  correction  of  lat.  .Oi  is  to  be  added  to  the  first  latitude,  SS.SG,*  ^^  • 
heciuse  it  is  in  the  enliimn  whose  sum  ST. 41  is  less  than  the  other  57.51,  w>k=»  -^ 
that  the  first  eorrueled  dlff.  of  lat.  is  X8.30.  The  second  is  the  difference  be — :=^ 
tween  2t,6&,  and  (be  second  correction  .02.  because  £1.65  is  in  the  greatestV'^s'i 
column,  the  corrected  value  is  Iherefbrc  SI. (id.  The  third  is  found  in  tlt^.^:^ 
same  manner  lo  be  S'jMi~.0i=3b.U.    The  fuurlh  corrected  cUffcicDce  ot  ^:»  ( 

latitude  is  sini|ily  the  fourth  correction  .03  placed  in  the  column  N,  I siw  ijw  ) 

the  sum  in  that  column.  57.41  is  tlie  least  and  the  fourth  diff.  of  latitude  ii^L^  ii 
the  original  tabic  is  0.  The  liah  is  tJin  sum  of  28.13  and  the  fifth  carrectioaK^=W 
U.OS,  making  iO.li.  These  are  placed  in  their  proper  columns  in  the  cor  ~^  ^' 
reeled  values.  In  a  similar  manner  tlie  flrst  dqiarture  is  equal  to  the  sunM^K-"' 
uf  38.S8  aiAl  the  first  correction  0.0:£,  which  is  equal  to  118.90.  The  ■ecoa^^r^ai 
is  the  difference  between  1£.50  and  the  second  correction  .01,  making  I  t,M  ^^> 
■nd  so  OS  fur  the  others,  taking  the  sum  when  the  departure  is  in  the  cohiiir.^^K3i 
whoM  sum  is  th«  least,  which  in  the  present  case  is  the  cast,  and  the  lUlfevr^^r 
e.nco  when  in  the  oilier  coliinm.  In  the  traverse  table  thus  comcted,  thK^^^ 
sum  of  the  differences  of  latitude  is  57.47  in  both  columns,  and  the  sum  c^  <> 
the  departures  -l^.O!!.  Having  corrected  the  values  of  this  traverse  tafalv  C^ok 
you  must  find  the  meridian  dist^inces,  the  column  M,  the  north  aud  ■ouL-^'.'^ 
areas,  be.  as  in  the  former  example. 

*  Tb«  tnuwlnT  IIk*  in  Ihli  vumplf  iire  m  nvttly 
Uniitt  nf  lauiulr  (ukin  lo  ibr  nMreil  il«-lin>l)li( 
ililTrcteL   Tlie  ulik  of  ilHRnnra  uf  tailturie  ind  dq 
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SURVEYING.  jiW 

^  a  survey  of  this  kind,  where  tliere  is  a  small  error,  you 

i^^|fl^as  usual  the  boundary  lines  AB,  BC,  CD,  Uc.  and  it  will  be 
"^ihe  termination  of  the  last  line  £A.  will  not  fall  exactly  in  the 
^l^-Hut  will  be  at  a  point  near  it,  which  wc  shall  call  a.  To  correct  thh 
■i^ljnw  must  draw  through  the  points  B,  C,  D,  &.c.  lines  parallel  to  oA, 
tte  direction  from  a  to  A,  of  such  lengths  as  to  be  to  Aa,  as  the  distances 
Boee  pomts  respectively  from  A  (measured  on  the  boundary  ABCD,  be.) 
!  to  the  whole  length  of  the  boundary  line,  through  these  points  draw  the 
Tected  lines  terminating  on  A.  Want  of  room  prevents  entering  into  far- 
If  explanation  of  the  subject. 

The  manner  oj  surveying  Coasts  and  Harbours. 
Pfom  what  has  been  said  in  the  preceding  problems,  the  intelligent  reader 
]  readily  perceive  the  method  of  sur^'eying  a  coast  or  harbour ;  but  as 
s  !■  an  important  subject,  it  was  thought  proper  to  enter  more  fully  into 
Ifesplanation  of  the  different  methods  to  be  made  use  of. 

If  ?\)  take  a  draught  of  a  coast  in  sailing  along  shore. 

HaTinc  brought  the  ship  to  a  convenient  place,  from  which  the  principal 
ints  of  the  eoast,  or  bay,  may  be  seen,  either  cast  anchor,  if  it  is  conve- 
ot;  or  lie-to  as  steady  as  possible ;  or  if  the  coast  is  too  shoal,  let  the  ob- 
vatioiis  and  measures  be  taken  in  a  boat.  Then  while  the  vessel  is  sta- 
nary,  take  with  an  azimuth  compass  the  bearings  in  degrees  of  such  points 
the  coast  as  form  the  most  material  projections  or  hollows  ;*  write  down 
!8e  bearings,  and  make  a  rough  sketch  of  the  coast,  observing  carefully 
mark  the  points  whose  bearings  are  taken,  with  letters  or  numbers,  for 
;  Bake  of  reference. 

Hften  let  the  ship  or  boat  run  in  a  direct  line,  which  must  be  very  carefully 
sasured  by  the  log,  or  othcrfsise,  one,  two,  or  three  miles,  until  she  comes 
a  situation  from  which  the  same  points  before  observed  can  be  seen  again 
th  quite  different  bearings :  then  let  the  vessel  lie  steady  as  at  the  fonner 
tioD,  and  observe  again  the  bearings  of  the  same  points,  and  make  a  rough 
ttch  of  the  coast ;  this  sketch  may  be  made  more  accurately  while  the 
ssel  18  running  the  base  line. 

To  describe  ihe  chart  from  these  observations,  you  must  in  some  conve- 
mt  part  of  a  sheet  of  paper  draw  the  magnetic  meridian,  and  lay  off  the 
reral  bearings  taken  at  the  first  station,  marking  them  with  their  proper 
ters  or  numbers ;  lay  down  also  thr  bearings  Uiken  from  the  second  sta- 
n.  Draw  a  line  to  represent  the  ship*s  run  both  in  length  and  course, 
d  from  that  end  of  the  line  expressing  the  first  station,  draw  lines  parallel 
the  respective  bearings  taken  from  that  end ;  also  from  the  other  end 
iw  lines  parallel  to  the  beariiiss  taken  at  that  end,  and  note  the  intersec- 
n  of  each  pair  of  lines  directed  to  the  same  point ;  and  through  these  in- 
"sections  draw  by  hand  a  curved  line,  observing  to  wave  it  in  and  out  as 
wp  as  can  be  like  the'  tending;  of  the  coast  itself.  Then  mark  off  the 
riatioD  of  the  compass  from  the  north  end  of  the  magnetic  meridian  to- 
rds  the  right  hand,  if  it  be  west,  or  towards  the  left  hand  if  it  be  cast, 
i  draw  the  true  meridian  through  that  point  and  the  centre  of  the  circle. 
Against  each  part  di*aw  the  appearance  of  the  land  marked  in  the  sketches, 
tinguishing  the  rocky  shore,  highland,  beach,  &tc.  as  in  Plate  V.  or  XI. 
lus  the  sand  beaches  may  be  marked  as  in  Plate  XI.  fig.  8,  and  the  rocky 
we  M  in  fig.  9,  &«.  Put  in  the  several  soundings  at  low  water,t  in  small 
ares,  distinguishing  whether  they  are  fathoms  or  feet ;  show  the  time  of 
;h  water  on  the  full  and  change  (fays  by  Roman  figures,  and  tell  the  rise  of 
!  tide  m  feet.  The  direction  and  velocity  of  the  flood  tide  are  to  be  ob- 
Ted,  which  may  be  done  by  heaving  the  log  when  the  ship  or  boat  is  at 

'  In  taking  the  bearing-;,  if  the  vessel  has  much  motion,  the  mean  of  several  obsenra- 
if  ■hould  be  taken. 

If  the  soundings  were  not  taken  at  low  water,  thcj  m-ij  be  reduced  thereto  by  a 
thod  which  will  be  expl^aed  hereafter. 


^^l  SURVEYING. 

-ancbor,  and  the  direction  is  to  be  represented  by  an  arrow.  Put  m  a  cohi- 
|>ass  and  a  scale  of  miles  or  leagues  such  as  the  vessers  run  was  laid  do^nn 
by ;  add  the  name  of  the  place,  and  the  latitude  and  longitude  as  true  as  can 
be  obtained. 

If  there  are  shoals  or  sands  on  the  const,  let  them  be  taken  in  a  boat^  sail- 
ing round  them,  keeping  account  of  the  courses,  distanees,  and  soundings.* 
But  to  put  them  in  tlie  draught,  the  observer  in  the  boat  must  take  the 
bearings  of  two  points  on  the  coast  (the  l)earings  of  which  have  been  taken 
from  the  ship)  from  some  part  of  each  sand  or  shoal,  so  sailed  round ;  ov, 
the  bearing  of  the  boat  at  some  part  of  the  shoal,  or  of  some  beacon  in  that 
place,  must  be  taken  by  the  ship  at  each  of  the  stations  where  the  bearings 
of  the  shore  were  taken  from  the  ship  ;  for  by  either  of  these  means,  one 
point  of  the  sand  t>clng  obtained,  the  rest  of  it  can  be  laid  down  from  the  ob« 
nervations  taken  in  the  boat.  Rocky  shoals  may  be  marked  on  the  chart, 
as  in  Plate  XI.  fig.  11,  and  sand  banKs  as  in  Ag.  10.  /  *^ 

If  the  coast  to  be  drawn  is  a  bay  or  harbour  winding  in  such  manner^|hlf 
all  its  parts  cannot  be  seen  at  two  stations,  let  as  many  bases  or  lines  b^jrim 
and  measured  exactly  as  may  be  found  necessary,  observing  that  the  several 
distances  run  should  join  to  one  another,  in  tlie  nature  of  a  traverse ;  that 
each  new  set  of  objects,  or  points  observed,  should  be  taken  from  two  sta- 
tions at  the  ends  of  a  known  distance,  and  that  the  objects  whose  bearings 
are  taken  do  not  so  much  extend  beyond  the  limits  of  the  base  as  to  make 
angles  with  it  less  than  about  i  or  i  of  a  point,  but  rather  reserve  such  objects 
for  the  next  measured  base  line ;  for  when  lines  lie  very  obliquely  to  one 
another,  their  intersections  are  not  easily  ascertained. 

If  any  particular  parts  of  the  harbour  cannot  be  conveniently  seen  from 
either  of  the  stations,  take  the  boat  into  those  places,  and  havmg  well  ex- 
amined them,  made  sketches  thereof,  estimating  the  lengths  and  breadths 
of  the  several  inlets,  either  by  the  rowing  or  sailing  of  the  boat,  take  as  many 
bearings,  soundings,  and  other  notes,  as  miiy  be  thought  necessary ;  then 
annex  these  particular  views  in  their  proper  places,  in  the  general  draught. 

If  there  are  any  dangerous  sands  or  rocks,  besides  inserting  them  in  their 
proper  places,  you  must  see  if  there  be  any  two  objects  ashore  (such  as  a 
church,  mill,  house,  noted  cliff,  he.)  which  appear  m  the  same  right  line 
when  on  the  shoal ;  and  these  objects  must  be  noted  on  your  chart.  If  none 
r^n  be  found,  you  must  take  the  bearings  of  some  remarkable  points,  and 
note  them  on  your  chart ;  by  which  means  it  will  be  known  how  to  avoid 
the  danger. 

It  should  be  remarked  in  the  draught  the  kind  of  bottom  obtained  in 
sounding,  whether  mud,  sand,  shells,  coral,  rocky  ground,  &ic. ;  and  where 
there  is  good  anchorage  draw  the  figure  of  an  anchor.  Also,  if  there  is  any 
particular  channel  more  convenient  than  another,  it  is  to  be  pointed  out  by 
lines  drawn  to  its  entrance  from  two  or  more  noted  marks  ashore. 

The  positions  of  objects  taken  by  a  magnetic  compass  being  liable  to  great 
uncertainties,  as  is  well  known  to  those  who  have  had  any  experience,  es- 
pecially at  sea  ;  it  has  therefore  been  recommended  to  observe  only  the 
i>earings  of  the  station  lines  by  the  compass,  and  then  measure  the  angles 
which  the  other  objects  make  with  these  lines,  by  a  quadrant  or  sextant, 
which  for  this  purpose  must  be  held  in  an  horizontal  position. 

EXAMPLE   I.     (See  fig.  1,  Plate  X. 
Suppose  a  ship  at  A  observes  the  bearings  of  the  most  remarkable  |K>int 
)».f  a  bay,  C,  D,  E,  F,  G,  H,  and  I,  and  sails  S.  64^  £.  lj|  miles  to  B  ;  at  B 

■♦^  —  — 

^  It  is  difficult  to  ascertain  correctly  the  courses  and  distances  sailed  by  the  boat,  on 
«fcMtint  of  the  cnrrents  and  other  causes.  This  -inconvenience  maj  be  obviated  if  the 
ship  be  at  anchor,  and  not  far  from  the  boat,  by  obscning  in  the  boat  the  bearing  of  the 
■hip  by  compass,  and  by  measuring,  with  a  quadrant,  the  angle  contained  between  the 
top-gallant-mast  head,  and  that  part  of  the  ship  which  is  at  the  same  height  as  tlie  eye  of 
tire  observer ;  for  by  this  angle  the  distance  of  the  boat  from  the  ship  may  be  det^r-^ 
latftdf  OS  will  be  explained  in  thb  work. 


'1         .  .  ;  >  . 
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to:f 


she  also  observes  the  bearings  of  the  same  points ;  hence  it  is  required  to 
construct  die  chart. 


Bearing  of  C  from  A  S.    36P  W.        | 

Bearing  of  C  from  B  S.  89^  E. 

D 

N.     9'^VV. 

D 

N.  480W. 

E 

N.  2fP  E. 

E 

N.  «40W. 

F 

N.  55C>E. 

F 

N.  130  E. 

G 

East. 

G 

N.  470  E. 

H 

S.   40°  E. 

H 

S.    38°  W 

I 

S.    19°  E. 

I 

S.   460W. 

Draw  the  line  AB,  S.  64^  E.  1^  miles.  Through  the  points  A  and  B  dnaw 
the  tines  AC,  AD,  AE,  AF,  AG,  AH,  AI,  BC,  BD,  BE,  BF,  BG,  BH,  and 
BI,  at  their  respective  bearings,  and  where,  the  corresponding  lines  cut  each 
other,  will  be  the  points  C,  D,  E,  F,  G,  H,  and  I,  required ;  through  whidi 
the  different  curvatures  of  the  land  must  be  drawn,  corresponding  with  your 
eye-draught.  In  this  manner  may  a  chart  he  constructed  by  observations 
taJcen  upon  the  water.  The  manner  uf  surveying  upon  land  is  exactly 
similar. 

To  survey  a  harbour  by  observattana  on  shore. 
Make  an  eye-draught  of  the  place  to  he  surveyed,  and  in  going  round  the 
roast  Rx  station  staves,  or  straight  poles,  tall  enough  to  be  seen  at  a  consider- 
able distance,  in  the  most  remarkable  points  and  bendings  qf  the  shore ;  but 
if  at  any  of  those  places  there  is  a  noted  tree,  house,  or  any  qther  remarkable 
thing,  Uiat  object  may  serve  instead  of  a  station  staff;  and  it  will  be  con- 
Tenient  to  black  the  staves,  and  tie  a  piece  of  white  bunting  at  the  top  of 
each ;  then  in  the  eye-draught  put  letters  or  numbers  at  the  noted  points  or 
marks  for  the  sake  of  distinction. 

Choose  the  most  extensive  and  level  spot  of  ground  you  can  meet  with  to 
measure  your  base  line  upon,  which  should  not  he  less  than  a  tenth  part  of 
the  distance  of  the  two  extreme  objects  which  are  to  be  observed ;  and  let 
the  direction  of  the  measured  base  line  be  such,  that  as  many  of  the  sta- 
tion staves  as  possible  may  he  seen  from  each  end  of  it.  The  bearing  or 
position  of  this  base  must  be  well  determined  in  degrees  and  minutes,  and 
the  length  accurately  measured,  cither  by  a  measuring  chain  or  a  piece  of 
log-tine. 

From  each  end  of  the  base  observe,  with  an  azimuth  compass,  or  with  a 
Theodolite,  if  it  can  be  procured,  the  bearings  of  each  of  the  station  staves ; 
or  else  with  a  sextant  measure  the  angles  contained  between  the  staves  or 
remarkable  objects,  and  the  other  end  of  the  station  line,  and  write  them 
down  in  order  in  your  book.  These  measures  and  angles  being  plotted 
down  as  before  directed,  will  give  the  most  conspicuous  points  of  the  shore, 
the  intermediate  spaces  are  to  be  filled  up  from  the  sketches  made  on  the 
spot. 

But  if  either  of  these  objects  should  spread  on  either  hand  so  far  beyond 

the  limits  of  the  base,  that  at  either  end  thereof  the  other  end  and  those 

objects  should  appear  nearly  in  the  same  direction,  or  to  make  angles  not 

exceeding  10^  :  or,  if  some  of  the  remarkable  objects  could  be  seen  only 

from  one  end  of  the  base ;  then  let  the  bearings  of  such  objects  be  taken 

Ikom  a  pbce  whose  position  has  been  determined  from  both  ends  of  the 

*i     measured  base ;   or.  If  there  are  several   remarked  objects  which  cannot 

be  seen  from  either  end  of  the  base  lines,  let  the  bearings  of  such  objects  be 

,     taken  from  each  of  two  points  whose  positions  have  been  determined  by 

J    Witjiigs  taken  from  both  ends  of  the  base,  or  it  may,  on  some  occasions,  be 

i    proper  to  choose  another  place  on  which  another  base  of  a  convenient  length 

%^  »ay  be  measured,  and  fronfi  the  extremities  of  which  the  ends  of  the  first 

1    wise  may  be  seen  ;  and  as  many  as  can  be  of  the  remaining  objects  which 

I    '~J*y  too  obli<}uely,  or  which  could  not  be  seen  from  the  5rst  base.     In  such 

r       *anner  proceed  until  the  bearings  are  taken  of  all  the  points  judged  ncces- 

•*0"  for  completing  the  survey  of  the  limits  of  the  harbour. 
I  If  a  right  hne  of  a  sufficient  length  for  a  base  line  cannot  be  measured,  it 

^^y  be  taken  in  two  adjoining  lines  as  the  two  sides  of  a  triangle,  the  in- 
••Jnded  angle  being  accurately  taken,  and  the  bearing  of  either  line. 
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Whita  the  outlines  or  )imits  of  a  harbour,  bay,  road,  he.  are  drifMated, 
by  the  preceding  precepts,  let  a  small  vessel  go  out  to  tea  to  take  drawings 
of  the  appearance  of  the  land  and  its  bearings ;  sail  likewise  intx>  the  harbour, 
and  draw  the  appearance  of  its  entrance  ;  take  particular  notice  if  there  be 
any  false  resemblance  of  the  entrance,  hj  which  ships  may  be  deceived 
and  run  into  danger ;  or  when  any  two  objects  being  brought  in  a  line,  or  in 
one,  will  lead  into  the  harbour  without  danger;  search  for  the  best  anc^hor- 
ing  places,  and  if  possible,  denote  those  places  by  bringing  two  objects  in  one, 
if  not,  take  the  exact  bearings  of  two  or  three  other  objects,  so  that  the 
places  may  be  easily  determined.  The  chart  being  correctly  drawD«  a  com- 
pass, with  the  variation,  and  scale  properly  fitted  to  the  plan,  the  wbiiidi, 
rocks,  sands,  &lc.  must  be  marked  in  their  proper  places,  with  thA  aouod- 
ings  at  low  water,  the  anchoriUg  places,  with  the  best  track  to  get  to  them ; 
the  proper  saiHng  marks  to  avoid  dangers ;  the  places  where  fresh  water  can 
be  got ;  the  name  of  the  place,  the  country  in,  on  what  sea ;  the  latitude  and 
longitude  ;  a  sketch  of  the  appearance  the  place  makes  at  sea  upon  a  known 
bearing,  and  at  an  estimated  distance ;  and  whatever  else  a  judicious  sraman 
shall  think  proper  may  be  inserted.  Then  will  the  plan  be  fit  for  all  nautical 
purposes,  and  may  be  embellished  with  proper  colours  if  necessary. 

EXAMPLE  II.  (See  fig.  2.  Plate  X.) 
From  each  end  of  a  base  line  AB  of  1200  fathoms,  were  observed  the 
points  C,  D,  E,  F,  and  G  ;  and  as  the  points  I,  K,  and  L,  were  not  visible 
from  the  e\tr<  miti«  $:  (^f  the  base  line,  another  base  line  was  measured  finom 
the  point  D  to  H  of  G50  fathoms,  from  which  points  the  bearincs  of  I,  K, 
and  Tj,  were  observed :  hence  it  is  required  to  construct  a  chart  of  the  place. 


Bearing  of  B  from  A  East 

C  North. 

1)  N.  E.  b.  N. 

E  N.  £.  i  N. 

F  N.  E.  b.  E.  i  E. 

G  E.  b.  N.  i  N. 

Bearing  of  H  from  D  N.  W. 

1  N.  b.  W. 


K  N.  b.  E.  k  E. 

N.  N.  E.  I  E. 


Bearing  of  C  from  B  N.  W.  b.  W. 
D  N.  N.  W. 

E  North* 

F  N.  h.  B. 

G  N.  £. 


Bearing  of  I  from  H    N.  E.  by  N. 
K  N.K.1E. 

L  K.  N.  £. 

Draw  the  east  line  AB=rl200  fathoms ;  from  each  end  of  this  fine  draw 
the  lines  AC,  AD,  AE,  AF,  AG,  BC,  &lc.  at  their  respective  bearings ;  the 
points  of  intersection  will  give  the  points  C,  D,  E,  F,  and  G.  From  the  point 
D  (which  was  found  in  this  manner)  draw  the  N.  W.  line  DH=650  ftlhoms: 
and  through  these  points  draw  the  lines  DI,  DK,  DL,  HI,  kc.  at  thdr  re- 
spective bearings ;  the  points  of  intersection  of  the  corresponding  fines  will 
be  the  situation  of  the  points  I,  K,  L.  Between  these  remarkable  points, 
draw  the  outlines  of  the  land,  conformable  to  your  rough  draught 

In  order  to  determine  the  situation  of  the  point  M,  which  was  seen  too 
obliquely  from  the  bases  AB,  DH,  you  may  take  the  bearing  of  that  poiot 
from  B,  and  then  from  G  (whose  situation  has  been  determined  by  bearhp 
taken  from  the  points  A,  B,)  the  intersection  of  the  lines  6M,  GM,  wi0  de- 
termine the  situation  of  M* 


Method  of  survey int^  a  small  bank  or  shoal  where  great  accuracy  is    ^      

The  method  of  determining  the  extent  and  situation  of  shoal  groiHML  ^1 
saiUng  round  it  and  keeping  an  account  of  the  courses  and  distances  sai^'-<»i 
is  well  adapted  to  tlie  taking  of  an  extensive  survey,  or  to  the  exploring  K:=3i^ 
large  bank,  where  great  accuracy  is  not  required  ;  but  the  difiiculty  of  ^ 
certaining  with  precision  the  courses  and  distances  sailed  (which  are  lia^^i 
to  error  on  account  of  the  tides,  currents,  and  the  different  velocity  of  ^ 

boat  at  different  times  owing  to  the  unsteadiness  of  the  wind)  preventi  ^ 

method  from  being  sufficiently  accurate  to  be  used  in  exploring  a  dimgi  i  ^^^ 
shoal  or  bank  at  the  entrance  of  a  narrow  channel  of  a  harbour,  or  ^ 
other  place  where  the  exact  form  of  the  shoal  is  to  be  found ;  and  if  to         ^* 


tain  the 
objects 
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Mtry  degree  of  correctoets,  the  bearinp  of  two  renurkahle 
taken  at  everj  time  of  ■oimdiDg,  the  time  expended  in  taking 
would  be  iDcreased  beyond  all  reasonable  bounds.  To  ob- 
Tiate  diese  difficidlie*,  the  following  methods  may  be  made  use  at,  by  either 
of  whkh  tbe  necessary  observaliona  for  detennining  the  situatkia  of  the  boat, 
may  fac  made  as  fast  as  the  soundings  can  be  taken. 

Fint  Mtikod.  Procure  a  large  Kail-boat  with  a  high  mast,  and  a  stnall 
row-boat ;  bring  the  lail-boat  to  anchor  on  the  bank  wMch  is  to  be  explored, 
and  take  accurately  the  l>earingfl  of  two  remarkable  points  of  land,  or  other 
ohjecls  whose  situation  has  already  been  determioed  by  obserrations  taken 
on  Aon,  or  in  Bailing  along  the  land ;  by  this  means  the  stuatioa  of  the  sail- 
boat ^Hy  he  accurately  marked  on  the  chart ;  then  enter  the  smalt  \toat  and 
row  bma  tbe  other  in  any  particular  direction,  observing  to  keep  the  mst 
of  the  boat  to  bear  npon  any  point  of  the  compaBS,  or  (which  is  much  more 
aeamte)  to  keep  the  mast  of  the  boat  to  range  on  any  particular  point  of 
bnd,  or  other  object  marked  on  the  chart ;  by  these  means  any  errors  which 
loiKtat  ame  in  the  course  of  the  boat  will  be  entirely  prevented.  While  pro- 
_  B  this  direction  let  one  person  take  the  soundings,  while  another  ob- 

with  a  quadrant  or  sextuit  the  angular  elevation  of  the  top  of  tbe 

boat's  mast  above  the  horiaontal  line  drawn  from  the  eye  of  the  observer, 
and  a  tUrd  person  notes  the  observations  in  the  minute  book,  and  the  time 
«f  abservatiOD,  in  order  to  make  the  necessary  reduction  in  the  soundings  to 
TVdiKe  them  to  low  water.  Proceed  in  this  manner  from  the  sail-boat  till 
you  nt  off  the  bank  into  deep  water,  or  til)  tbe  elevation  of  the  mast  is  not 
mocB  le«  than  one  degree,  then  row  across  the  bank  till  the  bearing  of  the 
mast  b  altered  considerably,  or  till  it  appears  in  a  range  with  another  point 
of  land  at  a  considerable  angular  distance  from  the  point  with  ivbich  the 
mast  ranged  in  the  first  observations  ;  then  row  towards  the  boat,  sounding 
and  observing  the  angular  elevation  of  the  mast  as  before.  Proceed  in  this 
inanner  in  souading  to  and  from  the  sail-boat  till  you  have  procured  a  suffi- 
cient MOnber  of  soundings  in  every  direction.  Then  go  on  board  the  sail- 
boat and  shift  her  bhth  to  another  part  of  the  bank  where  soundings  have 
not  been  taken  and  proceed  to  sound  as  before.  Continue  sounding  and 
shifting  the  situation  of  the  boat,  till  the  whole  hank  has  been  explored,  and 
Ihm  tbe  observations  may  be  plotted  off  by  the  directions  in  the  following 


Let  ABC  (Plate  XI.  flg.  I.)  be  the  mast  of  the  sail-boat,  D  thetituation 
of  the  eye  of  the  person  who  observes  the  angular  elevation  of  the  mast. 
Draw  the  line  DB  parallel  to  the  horizon  and  ioin  DA.  Then  the  height 
AB  muM  be  measured*  accurately,  and  that  beine  given  and  the  observed 
an^  ADB  the  concsponding  distance  BD  may  be  obtained  by  the  usual  rules  ' 
of  trigonometry  by  saying  as  radius  ;  AB  :  :  co-langmt  ADB  :  BD.  Thus  if 
tbe  hei^t  AB  was  SO  feet,  and  the  angle  ADB  1°,  the  distance  BD  would  be 

I71fl  feet  (being  -IT.S  times  »q  great  as  AB).     The  disUncF?  correa-  ^- 

fooiktf  to  i°,  3^,  &(.c.  arc  given  in  the  a^oined  table,  b^  ei^min- 
ing  which  it  will  appear  that  the  distance  BD  corresponding  to  ^iny 
angle  ADB  (less  than  SO*^}  may  be  obtained  nearly  by  dividing  171S 
bj  the  an|^  ADB  in  degrees.  Thus  for  4  degrees  the  diaUnc«  by 
this  nde  would  be  ■  y  ■  =4!9j,  nearly,  as  in  tbe  table.  The  great- 
vat  dUTerencc  between  the  distances  determined  by  the  rale  and  by 
the  table  being  5  feet,  corresponding  to  the  angle  50°,  for  'J^*=  I 
£*7  ;  whereas,  by  the  table  the  distance  is  5S.  In  taking  soundings  ^ 
~  T  this  method  it  will  be  very  rarely  necessary  to  measure  an  an-Li 

'  great  aa  30°,  so  that  for  all  practical  purposes  the  distance  may  be  de- 
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lermincd  in  this  example  to  a  sufHcicnt  degree  of  accuracy  by  dividing  1719 
by  the  observed  angular  elevation  in  degrees.  On  these  principles  we  have 
the  following  rule  for  calculating  the  distance  corresponding  to  a  mast  of 
any  given  height,  and  to  any  observed  angular  elevation. 

Rule.  Multiply  the  height  of  the  mast  ahoxft  the  eye  of  the  observer  hy  57.9, 
and  the  product  will  be  a  consfunt  quantity^  which  being  divided  by  the  ob- 
served angle  of  elevation  expressed  in  degrees  and  decimals  of  a  degree^  the 
quotient  will  be  the  sought  distance  nearly. 

If  the  height  of  the  mast  be  expressed  in  equal  parts  taken  from  the  scale 
by  which  the  chart  was  plotted  off,  the  distances  found  by  the  above  rule 
would  be  expressed  in  the  same  equal  parts  ;  so  that  if  the  distanoea  thus 
expressed  corresponding  to  1^,  2^,  3^,  &lc.  were  calculated  and  marked  on  a 
slip  of  paper  (fig.  2,  Plate  XI.)  from  H  to  1^  from  H  to  2^,  from  H  to  99^  be. 
respectively,  the  slip  H I  thus  marked,  would  be  a  very  conveuient  scale  for 
plotting  off  such  distances. 

For  further  illustration  of  this  method,  we  have  given  an  example  in  fig. 
4,  Plate  XI.  in  which  C  represents  the  place  at  which  the  sail-boat  was  at 
anchor,  A  and  B  the  points  observed,  in  order  to  ascertain  her  position  oo 
the  chart,  by  drawing  thereon  the  lines  AC,  BC,  in  opposite  directions  to  the 
bearings  of  the  points  A,  B,  observed  from  the  boat ;  for  the  point  of  inter* 
section  C  will  evidently  be  the  place  of  the  boat  upon  the  chart     Suppose 
now  that  in  the  first  set  of  observations  the  mast  of  the  sail-boat  was  made 
to  range  on  the  point  A,  in  this  case  the  course  of  the  boat  must  be  on  the 
continuation  of  the  line  AC  towards  D,  then  the  slip  H  I  (fig.  2,  Plate  XI.) 
is  to  be  laid  upon  the  line  CD  (fig.  4,  Plate  XI.)  with  the  point  H  upon  C,  and 
the  angular  elevation  l>eing  found  on  the  slip  the  sounding  corresponding  (re- 
duced to  low  water)  is  to  be  marked  on  the  line  CD,  immediately  under  the 
mark  on  the  slip.     Thus  if  the  angle  was  4^,  the  point  correspomiiDg  wouli 
be  G.     Having  plotted  off  the  soundings  taken  in  the  direction  CD,  proceed 
in  the  same  manner  with  the  others,  viz.  those  in  the  direction  CC  found  by 
keeping  the  boat^s  mast  in  a  range  with  the  church  at  H,  those  in  the  direc- 
tion CF  found  by  keeping  the  boat^s  mast  in  a  range  with  the  point  B« 
in  the  direction  CA  found  by  keeping  the  mast  to  hear  E.  N.  E.  and  to  on^rtf'  ** 
with  the  other  observations ;  and  when  all  the  soundings  are  marked  on  th 
chart,  dotted  lines  are  to  be  made  round  the  shoal  soundings,  and  thus  th 
true  figure  of  the  shoal  part  of  the  bank  will  be  obtained. 

This  method  I  have  fretiuently  used  in  Uiking  a  survey  of  the  part  of  th< 
coast  of  Massachusetts*  Bay,  included  between  Manchester  and  Lynn.  Th 
height  of  the  mast  of  the  boat  used  on  the  occasion  was  about  30  feet,  an 
it  was  found  that  distances  less  than  a  third  of  a  mile  could  be  obtained  i 
this  manner  to  a  great  degree  of  precision. 

Second  Method-    This  method  of  determining  the  place  where  soundingsr 
were  taken  consists  in  keeping  (while  sailing  in  a  boat  and  sounding)  a  par^ 
ticular  point  of  land,  or  any  other  object,  to  bear  always  in  the  same  direc- 
tion, and  measuring  with  a  quadrant  or  sextant  held  in  a  horizontal  poBitiorK 
the  angular  distance  between  that  object  and  another  object  (making  a  coo 
siderable  angle  with  the  former)  for  by  this  means  the  situation  of  me  boa' 
at  the  time  of  sounding  may  be  determined.     Instead  of  bringing  the  obj 
to  bear  upon  a  particular  point  of  the  compass,  you  may  (when  it  can  b» 


mMtturetl ',  observing  however  Uiat  difierent  scales  must  be  used  for  plotting  oflT  the  anglca  ADl 
•nd  ADE. 

If  AB  repretented  the  known  vertical  height  or  the  summit  of  an  inland  above  the  eye  of  an  ol 
er,Uie  distance  from  the  Island  might  be  determiaed  by  roearariug  the  angular  elevation  ADB,  SMberi 
(lent  from  what  hns  been  said  above. 

*  Thta  constant  quantiQr  mav  be  determined  without  actually  measuring  ibe  alUtudo  AB,  if  the  i 
lar  elevation  can  be  measuredf  at  a  i^ace  D  where  th;  distance  BD  Is  kunwo.  Thai  is  the  ex 
(Plate  XI.  Af .  4)  the  distance  AG  being  known,  and  the  angular  elevation  of  the  vuM  at  O  beinr  <^ 
ed  at  A  in  degrees  and  decimals  of  a  degree,  and  multiplied  bv  the  distance  AO,  the  product  «nU  be  th^ 
runstaQt  quantity  mentioned  in  the  rule.  Thb  methjo  loay  be  used  in  detenninbfig  the  dirtUBce  frota 
au  island  by  the  method  mentioned  in  the  last  oote. 
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done)  briDf;  the  object  in  a  range  with  another  remarkable  object,  and  by 
this  means  you  will  avoid  the  error  which  might  arise  from  the  lue  of  a 
compass- 

For  an  example  of  this  method,  suppose  that  a  survey  of  the  small  islands 
A«  B,  K.  (Plate  XL  fig.  3)  and  the  large  one  CHG  had  been  taken  and  plot- 
ted off  as  in  the  figure.  Then  soundings  may  be  taken  in  the  direction  BCD 
by  bringing  the  small  island  B  in  a  range  with  the  southern  part  of  the  great 
iaund,  and  measuring  the  angle  CDG  formed  by  the  extremes  of  the  great 
stand  ;  or  by  keeping  the  small  island  A  to  range  with  the  northern  part  of 
he  great  island,  and  measuring  the  angle  HIK  formed  by  the  northern  ex- 
reme  of  that  island,  and  the  small  island  K  ;  or  by  running  in  the  direction 
Ola  so  as  to  keep  the  island  K  to  bear  W.  i  S.  and  measuring  the  angl^ 
brmed  by  that  island  and  the  northern  extreme  of  the  great  island,  be. 

T%e  method  I  ha%'e  {[generally  used  for  plotting  off  such  angles  is  by  means 
»f  a  sector ;  and  as  that  instrument  is  more  easily  procured  than  others  bet- 
jcr  adapted  to  the  purpose,  I  shall  explain  the  method  by  showing  how  the 
ftnsle  CDG,  measured  as  above,  may  be  plotted  off  so  as  to  determine  the 
loint  D  where  that  angular  distance  was  observed.  To  do  this,  you  must 
Irainr  the  line  DC,  and  open  the  sector  till  the  two  legs  form  with  each  other 
ui  angle  equal  to  the  observed  angle  CDG,  then  slide  one  leg  of  the  sector 
9n  the  line  DC  till  the  other  leg  touches  the  northern  extreme  of  the  island 
%t  the  point  6,  and  the  point  directly  under  the  centre  of  the  joint  of  the  sec* 
*jOT  will  be  the  point  of  observation  :  as  this  point  cannot  be  exactly  marked 
9n  aceount  of  the  size  of  the  joint  of  the  instrument,  you  may  mark  with  a 
pencil  on  the  line  DC  the  top  points  where  the  circumference  of  the  joint 
touches  that  line,  and  note  the  sounding  in  the  middle  between  those  two 
marks. 

If  a  quadrant  of  a  circle  he  described  on  a  piece  of  paper,  with  a  radius 
equal  in  length  to  one  of  the  legs  of  the  sector,  and  then  divided  into  90^, 
the  sector  may,  by  means  of  that  quadrant,  be  opened  to  any  angle  in  a 
very  expeditious  manner. 

This  method  of  obtaining  distances  when  sounding,  1  have  frequently  used 
iTith  success. 

To  nduct  soundings  taken  at  any  time  of  the  tide  to  low  water. 

The  soundbgs  at  low  water  are  always  to  be  marked  on  a  chart,  and  It 
they  are  taken  at  any  other  time  of  the  tide,  a  proper  allowance  must  be 
m^de  to  reduce  them  to  low  water.  This  allowance  may  he  made  if  the 
Tvhole  vertical  rise  of  the  tide  from  low  to  high  water  be  known,  and  thf) 
time  of  high  and  low  water,  as  in  the  following  example. 

Suppose  the  vortii-al  risK  of  tidt;  from  low  to  high  water,  to  be  10  feet,  the 
time  of  low  water  5h.  A.  M.  and  the  time  of  high  water  llh.  30m.  A.  M.  : 
remdred  the  allowance  to  be  mad(>  on  an  observation  taken  at  8  A.  M.  ? 

Draw  the  line  AC  (Plate  XI.  fig.  5)  and  make  it  equal  to  the  whole  rise 
of  the  tide  10  feet,  taken  from  any  scale  of  equal  parts,  and  divide  the  line 
into  equal  parts  representing  feet,  at  the  points  1,  ii,  S,  kc.  to  10,  the  mark 
10  (corresponding  to  tlie  whole  rise  of  the  tide)  being  at  the  point  C,  and 
through  these  points  draw  lines  11,  22,  33,  fee.  perpendicular  to  AC,  to 
meet  the  circumference  of  a  circle  drawn  on  the  diameter  AC  Divide  the 
•vemi-circumference  ABC  of  that  circle  into  a  number  of  equal  parts  repre- 
senting the  number  of  hours  elapsed  from  low  to  high  water,*  which  in  thi;* 
■uwc  is  6ih.  the  hour  of  low  water  being  marked  at  A,  and  that  of  high  wa- 
ter at  C,  the  intermediate  hours  being  marked  in  succession  as  in  the  figure  : 


»TM*  division  of  itefemi^ircle  may  be  marie  by  meanf  of  a  line  of  chords.  The  nnmber  of  deft>^ 
■  mfwafiooding  »«»  «»  boar  bcio?  found  bv  sa^-in^,  ru  the  whole  cUp^efl  time  from  low  to  higb  «yter 
.  t;>  bour»;  u  to  I W*  to  if  one  hour  to  th^  arch  con-Riiiondinr  to  I  hour  2r»  «',  wbich  beinj  takpn  CcPn 
mhamot  churda  and  kid  off  fajm  5b.  will  reach  to  Bli.  Itc. 

E  c 
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then  any  hour  l>cii)g  fountl  on  the  arcli,  the  number  of  the  line  drawn  pef- 
pendicular  to  AC,  and  paisiiijg  throu;;;h  the  hour,  will  represent  nearly  the 
number  of  feet  to  be  subtractrd  from  a  sounding  taken  at  that  time  to  re- 
duce that  sounding  to  low  water.  Thus  the  number  of  feet  corresponding 
to  8h.  is  between  4  and  5,  because  the  mark  8h.  falls  between  the  lines 
marked  4  and  5,  so  that  the  reduction  is  between  4  and  5  feet,  on  loundiogs 
taken  at  8  A.  M.  to  reduce  them  to  low  water  on  the  day  of  obserration  ; 
and  if  on  tliat  day  the  tide  dof^s  not  ebb  so  much  as  on  a  spring  tide,  the  re- 
duction must  be  increased  by  the  diiTerence  in  the  ebbing  of  the  two  tides. 
Thus  if  on  the  day  of  observation  the  tide  did  not  ebb  so  much  by  two  feet 
as  on  a  spring  tide,  the  reduction  corresponding  to  8h.  ought  to  be  iocreaaed 
two  feet,  and  wouhl  therefore  be  between  6  and  7  feet.  Allowance  mav  be 
made  for  this  by  increasing  the  number  of  feet  marked  in  fig.  5,  by  muiung 
2  feet  at  A,  S  feet  at  1,  4  feet  at  2,  Uc.  as  is  evident. 

To  redure  a  Draught  to  a  smaller  Scale, 

With  a  black-lead  pencil  draw  on  the  draught  to  he  reduced,  cross  line?, 
forming  exzict  scpiarcs,  and  on  the  clean  paper  for  the  copy  draw  the 
number  of  squares,  making  tlu'ir  i»ides  larger  or  smaller  in  proportion  to  thi 
intended  size  of  the  srale,  such  as  4,  i,  kc.  the  length  of  the  other ;  dbtin 
guish  by  a  stronger  mark  every  fifth  or  sixth  row  of  squares  in  both,  so  tha 
tlie  several   correspcmding  scpiares  may  he  readily  perceived  :  then,  iii 
of  the  squares  of  the  draught,  draw ,  by  the  i-ye,  a  curve  on  the  paper,  simi — 
lar  to  that  in  the  square  of  the  copying  draught,  till  the  whole  is  copied  z 
when  the  hiark-lead  lines  may  he  rubbed  out  with  bread  or  India  ruber. 

A  chart  may  also  hi*  reduced  in  the  following  manner  :  thus,  suppose  yo 
would  reduce  a  chart  in  the  ratio  of  the  line  MN  (Plate  XI.  fig- 6)  to  HI 
Draw  the  line  AC,  which  make  equal  to  HI,  upon  A  as  a  centre,  oescribe  th< 
arch  CF,  and  make  the  chord  CF=MN,  join  AF  ;  then  if  you  take  any  dis- 
tance, AB  you  wish  to  reduce,  and  upon  A,  as  a  centre,  describe  an  arch  BD 
the  chord  BD,  intercepted  by  the  lines  AC,  AF,  will  be  the  reduced  diatanca 
corresponding  to  AB.    This  reduced  distance  may  also  be  obtained  by  an 
other  method,  which  is  more  sim;)le  than  the  former :  Take  any  exten^^'^'  ^ 
from  the  large  chart,  which  is  to  he  reduced  to  a  smalhir  scale,  and  apply  i 
from  A  to  O  (Plat^  XI.  fig.  7) :  take  in  your  compasses  the  corresponding 
distance  on  the  small  chart,  and  with  one  foot  in  O  sweep  an  arch  P  ;  drar^ 
the  line  AF  just  touching  the  arch  in  P  ;  then  if  you  take  any  distance  fipoir"W 
the  great  chart,  and  apply  it  from  A  to  R,  and  at  the  point  R  sweep  an  am  r* 
S  to  touch  the  line  AP;  the  extent  RS  will  be  the  reduced  distance  corre2=± 
ponding  to  the  line  AR. 

■^•#a«- 

OF  AVINDS. 

TIIE  earth  is  surrounded  by  a  fine  in\isihle  fluid,  called  Air,  which  by  i 
weight  is  capable  of  supporting  the  vapours  raised  by  the  sun,  and  by  i 
elasticity  is  capable  of  expanding  or  spreading  itself,  so  as  to  fill  up  alargi 
space.     When  the  elasticity  of  :tny  portion  of  the  air  is  changed,  by  the  be 
of  the  sun  or  by  other  causes,  the  neighbouring  parts  are  put  in  motion  f& 
restore  the  equilibrium;  in  this  manner  a  current  of  air  is  formed,  called 
thefTtnc^,  which  is  distinguished  by  several  names,  viz.  trade  winds,  monsoooe^ 
variable  winds,  &lc.     The  trade  irinds  blow  constantly  from  the  same  part; 
the  monsoons  blow  half  the  year  one  way,  and  half  tlie  other;  and  the  taria- 
ble  winds  are  such  as  blow  without  any  regularity  either  as  to  time,  place, 
or  direction.    The  following  obser^'ations  on  the  wind  hare  been  maoe  by 
Dr.  Halley  and  others. 

There  are  constant  trade  winds,  blowing  from  the  east,  in  most  parts  of 
the  Atlantic  and  Pacific  Oceans,  between  the  latitudes  of  S(P  N.  and  30^  S. 
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^•ar  the  northern  limits  of  these  winds,  they  blow  between  the  north  and 
!ast ;  and  near  their  southern  limits,  between  the  south  and  east. 

In  the  AtfamCSc  Ocean,  at  about  100  lea{i;ues  from  the  coast  of  Africa,  be- 
;iwv«nthe  latitudes  of  28^  and  10^  north,  there  is  generally  a  fresh  gale  of 
wind  Mewing  from  the  N.  E. 

Hioae  bound  to  the  Caribbee  Islands  across  the  Atlantic,  find,  as  they  ap- 
priMich  the  American  side,  that  the  N.  E.  wind  becomes  easterly,  or  seldom 
^ws  more  than  a  point  fn »m  the  east,  either  to  the  northward  or  southward. 
These  trade  winds  on  the  American  side  are  sometimes  extended  to  30^, 
11^,  or  even  to  SS^  of  north  latitude,  whirli  is  about  4^  farther  than  what 
hey  extend  to  on  the  African  sidf* ;  also  to  the  {southward  of  the  equator, 
;he  trade  winds  extend  3  or  4  degrees  farther  towards  the  south  on  the  coast 
>f  Brazil  on  the  American  side,  than  they  do  towards  the  Cape  of  Good 
Hope*  on  the  African  side. 

But  we  must  not  conrlude  that  tlie  above  limils  arc  without  exception; 
Tor  both  their  extent  and  direction  vary  considerably  with  the  season  of  the 
year.  When  the  sun  approaches  the  tropic  of  cancer  the  S.  E.  trade  winds 
prevail  farther  to  the  northward  of  the  line,  and  incline  more  to  the  south- 
ward of  S.  E.  and  the  N.  E.  trade  wind  inclines  more  to  the  eastward  ;  and 
the  contrary  at  the  opposite  season  of  the  year. 

On  the  African  coast,  from  Cape  Blanco  to  Sierra  Leone,  the  winds  in  ge- 
neral blow  from  the  north,  inclining  from  the  westward  rather  than  from  the 
eastward.  From  Sierra  Lenne  to  Cape  Palmas,  the  ordinary  coun«e  of  the 
winda  is  from  W.  N.  W.  and  beyond  C*ape  Palmae,  as  far  as  28^  south  lati- 
tude, from  S.  W.to  S.  inclining  more  to  the  southward  or  westward  accord- 
mg  to  the  particular  situation  or  bearinp:  of  the  shores  and  lands.  And  the 
part  of  the  ocean  extetiding  along  this  roast  to  the  distance  of  80  or  100 
leasues  from  the  shore,  is  much  more  troubled  with  frequent  calms,  and 
wiUi  Budden  and  violent  gu<%ts  of  wind,  known  by  the  name  of  Tornadoes, 
which  blow  from  all  parts  of  the  horizon.  The  reason  of  this  change  in  the 
direction  of  the  trade  wind  n(>ar  the  land  is  probably  owing  to  the  nature  of 
the  coast,  which  beini^  violently  heated  by  the  sun.  rarefies  the  air  exceed- 
ingly, consequently  the  cool  air  from  the  sea  will  keep  rushing  in  to  restore 
the  eqiunbrium. 

In  the  Gulf  of  Guinea  there  is  a  }>eriodical  wind,  called  Harmattan,  which 
blows  in  a  N.  E.  direction  from  the  interior  parts  of  Africa.  The  season  in 
which  this  wind  prevails  is  during  the  months  of  December,  January,  and 
February. 

Between  the  4tli  and  10th  degrees  of  north  latitude,  and  l>etween  the 
longitude  of  Cape  Verd  and  the  easternmost  of  the  Cape  Verd  Islands,  there 
is  a  tract  of  sea,  uhich  seems  to  be  ctuidemned  to  perpetual  calms,  attended 
with  terrible  thunder  and  li^htnin<t.  and  frequent  rains.  The  cause  of  this 
seems  to  be,  that  the  westerly  winds,  setting  in  on  the  coast  of  Africa,  and 
meeting  the  general  easterly  winds  in  this  tract,  balance  each  other,  and  so 
cause  the  calms;  and  the  vapours,  carried  thither  by  each  wind,  meeting 
and  condensing,  occasion  the  almost  constant  rains. 

These  observations  ehow  the  reason  of  the  difficulty  which  ships  find  jn 
sailing  to  the  southward,  between  the  coasts  of  Guinea  and  Brazil,  particu- 
larly in  the  months  of  July  and  August,  notwithstanding  the  width  of  the 
sea  is  more  than  500  leagues.  For  the  S.  E.  winds  at  that  time  of  the  year 
commonly  extend  some  degrees  l>eyond  the  ordinary  limits  of  4^  north  lati- 
tude, besides  coming  so  much  southerly  as  to  be  sometimes  south,  some- 
times a  point  or  two  to  the  west  ;  it  then  onlv  remains  to  ply  to  windward  : 
and  if  on  the  one  side  they  steer  >V.  S.  W.  tfiey  get  a  wind  more  and  more 
easterly,  but  then  there  is  danger  of  falling  in  with  the  coast  or  shoals  of 
Brazil :  and  if  they  steer  E.  Sl  E.  they  fall  into  the  neighbourhood  of  the 
roast  of  Guinea,  from  whence  they  cannot  depart  without  running  easteriy 
iisfar  as  the  island  of  St.  Thomas.  ' 

AH  ships  departing  from  Guinea  for  Europe,  their  direct  course  is  north- 
WHrd  ;  but  on  this  coiirs»»  they  raunot  go,  because  the  coast,  tending  nearly 
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c&st  and  west,  the  land  is  to  the  northward  ;  therefore  as  the  wiodson  this 
coast  are  generally  between  the  south  and  W.  S.  W.  they  are  obliged  to 
steer  S.  S.  E.  or  south,  and  with  these  courses  they  run  off  the  shore;  but 
in  so  doing  they  always  find  the  wind  more  and  more  contrary ;  bo  thatt 
though  when  near  the  shore  they  can  lie  south ;  at  a  great  distance  they  can 
make  no  better  than  S.  £.  and  after>vards  E.  S.  E.  with  which  courses  they 
generally  fetch  the  island  of  St.  Thomas  or  Cape  Lopez,  where  finding  the 
winds  to  the  eastward  of  the  south,  they  sail  westerly  with  it,  till  coming  to 
the  latitude  of  4  degrees  south,  they  find  the  S.  E-  wind  blowing  perpetually. 
On  account  of  these  general  winds,  all  bound  from  Europe  to  tne  West 
Indies,  or  to  the  southern  states  of  America,  consider  it  most  advantageous 
to  get  as  soon  as  thoy  can  to  the  southward,  so  they  may  be  certain  of  a 
fair  and  fresh  gale,  to  run  before  it  to  the  westward.  For  the  same  reasont 
those  bound  from  America  to  Europe  endeavour  to  gain  the  latitude  of  30 
degrees,  where  they  first  find  the  wind  begin  to  be  variable,  though  the  most 
ordinary  winds  in  the  North  Atlantic  Ocean  come  between  the  south  and 
west. 

And  for  the  same  reasons  those  bound  to  India  from  America  run  to  the 
eastward  in  the  variable  winds,  so  as  to  be  in  the  longitude  of  95^  or  58^ 
W.  when  in  the  latitude  of  dO^  N.  From  thence  they  steer  south-easteriy 
towards  the  Cape  de  Verds,  passing  4^  or  0^  to  the  westward  of  them,  unless 
tbey  wish  to  stop  for  supplies,  or  to  correct  their  longitude.  Being  then  in 
the  common  route  of  the  European  Indfamen,  they  steer  south-easterly  to 
I'toss  the  equator  between  the  longitude  of  18^  W.  and  25^  W.  where  meet* 
ing  the  S«  E.  trade  winds,  they  must  brace  up  and  sail  upon  a  wind  till  they 
get  through  them,  and  come  into  the  variable  winds,  wnere  they  may  steer 
to  the  eastward.  Near  tlie  equator,  the  trade  wind  is  generally  stronser  to 
the  westward  than  to  tlie  eastward ;  and  were  it  not  for  the  fear  of  falimg  in 
with  the  Brazil  coast,  a  ship  might  cross  the  line  fartlier  to  the  westward 
than  what  we  have  recommended  above.  Ships  homeward  bound,  from 
the  Cape  of  Good  Hope  towards  America,  may  deviate  a  little  to  the  west- 
ward of  their  straight  course,  and  cross  the  equator  in  about  dO^  W.  longi- 
tude, in  order  to  take  advantage  of  this  fresher  trade  wind.  « 

Between  the  southern  latitudes  of  10^  and  .iO<^  in  the  Indian  OceaUt  the 
general  trade  wind  about  S.  E.  is  found  to  blow  all  the  year  round,  in  the 
same  manner  as  in  the  like  latitudes  in  the  south  Atlantic  Ocean  ;  and  during 
the  six  montlis,  from  May  to  November,  these  winds  reach  to  within  %  de« 
grecs  of  the  equator  ;  but  during  the  other  six  months,  from  Noyember  to 
May,  a  N.  W.  wind,  called  Hit  litUe  monsooHj  blows  in  the  tract  lying  between 
the  3d  and  10th  degrees  of  south  latitude,  in  the  meridian  of  the  north  end 
of  Madagascar,  and  between  the  2d  and  12th  degrees  of  south  latitude,  near 
the  longitude  of  Sumatra  and  Java. 

In  the  tract  between  Sumatra  and  the  African  coast,  and  from  3^  of  south 
latitude,  quite  northward  to  the  Asiatic  coast,  including  the  Arabian  Sea  and 
the  Bay  of  Bengal,  the  monsoons  blow  from  October  to  April  on  the  N.  £•  «> 
and  from  April  to  October  on  the  S.  W.  In  the  former  half  year,  the 
is  more  steady  and  gentle,  and  the  weather  clearer  than  in  the  latter  fix 
months.  In  the  Red  Sea  the  \iinds  blow  nearly  nine  months  of  the 
from  the  soutliward,  that  is,  from  August  to  May,  and  the  rest  of  the 
from  the  N.  and  N.  N.  W.  with  land  and  sea  breezes.  In  tlie  Gulf  of  F 
the  N.  W.  wind  blows  from  October  to  July,  and  about  three  months  from^ic 
the  opposite  quarter.  These  \s  inds  being  often  mterrupted  by  gales  (rfxamx 
the  S.  W.  and  by  land  breezes. 

Between  the  island  of  Madagascar  and  the  coast  of  Africa,  and  thence^: 
northward  as  far  as  the  equator,  there  is  a  tract,  wherein,  from  April  to  Oc — 
tober,  there  is  generally  a  S.  S  W.  wind,  and  a  contrary  wind  the  rest  o, 
year,  with  regular  land  and  sea  breezes  on  both  coasts. 

Te  the  eastward  of  Sumatra  and  Malacca,  on  tlie  north  ef  the  equater,. 
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and  alon^  A*  coasts  or  Cambodia  and  Cbtna,  quite  Ibroiigh  the  PhtllippiDeo 
a»  far  as  Japan,  the  monsoons  bton  N.  E.  und  S.  W.  the  N-  E.  setting  ii> 
iibout  October  or  November,  and  the  S-  W.  about  May. 

Betwe«a  Sunialrii  and  Java  to  the  west,  and  New-Guinea  to  tlie  east,  there 
are  rrpiiar  monsoons.  The  N.  W.  monsoon  blows  from  Octub«  lo  April, 
the  S.  E-  monaoon  the  rest  of  the  year. 

The  monsoons  do  not  shift  sudilenly  from  one  point  of  the  eompass  to 
the  opposite  ;  in  somt  placeH,  the  time  of  the  change  is  attended  with 
coJm*.  m  others  by  rnriabie  winds  :  and  it  often  happens,  on  the  shore  of 
Coromande)  and  China,  towards  the  end  of  the  monsoons,  that  tliere  are 
most  violent  sttirms,  called  Tulfons.  greatly  resembling  the  huricanes  in  the 
West  Indies,  wherein  the  wind  is  so  vastly  strong,  that  hardly  any  thing  can 
tvaitl  its  force  ;  for  tliis  reason  it  is  more  dangerous  to  approach  those  shores 
M  the  time  of  the  breaking  up  of  the  monsoon  llian  at  any  other  season  of 

The  bnid  and  lea  bnaei  prevail  principally  between  the  tropics.  The 
9«a  breeze  generally  sets  in  about  ten  in  the  forenoon,  and  contlues  till  about 
live  or  at  in  the  evening :  at  seven  the  land  breeze  be^ns,  and  continues 
til!  iit-'int  >^ht  in  the  morning.  The  cause  of  these  winds  is  this; — during 
the  aiy  itie  sea  is  not  so  much  heated  by  the  sun  as  the  land,  nor  so  much 
cooled  at  night.  Hence,  in  the  day  lime,  the  cooler  air  from  the  sea  will  rush 
towards  the  land  to  supply  the  deficiency  occasioned  by  the  greater  ritrefac- 
lion  of  the  air,  and  hence  ttrises  the  sea  breele.  In  like  manner,  during  the 
night,  the  air  at  land,  being  more  cooled  than  that  nt  sea,  will  therefore  blow 
Eroni  the  land  towards  the  sea,  and  hence  occasion  a  land  breeze. 

A  lehirlmnd  is  a  dangerous  phenomenon  caused  by  the  adjacent  air,  rush- 
ing in  from  all  parts  towards  a  centre  with  great  rapidity,  and  destroying 
every  thing  it  passes  over  In  its  progressive  motion.  A  leatrr  tptyut  and 
whirlwind  arises  from  the  same  cause,  the  latter  being  formed  at  land,  is  com- 
posed prindpaily  of  air,  but  the  former  being  formed  at  sea,  i-i  composed  of 

ft  was  first  observed  by  Doctor  Franklin  that  the  N.  E.  storms  on  the 
roast  of  the  United  Btales  of  America,  frequently  begin  earlier  in  the  south- 
em  itates  than  in  the  northern.  This  he  accounts  for  by  suppoMng  a  great 
ruvbction  of  air  in  or  near  tlie  gulpb  of  Mexico  ;  the  air  rising  thence  has 
its  {^ce  lupplied  by  the  ne;(t  mure  northern,  and  therefore  denser  and  hea-' 
vier  air;  a  successive  current  is  thus  formed,  to  which  the  coast  andiuland 
tuountainsgivea  N.  E.  direction. 

Experiments  have  been  made  by  several  persons  to  determine  the  velocity 
*>f  the  wind,  by  observing  the  space  passed  over  by  a  cloud  or  any  light  sub- 
stance, and  by  other  metiiods ;  and  it  bus  been  found  that  the  velocity  of  llic 
"^uid  in  a  mlent  gale  is  about  io  at  60  miles  per  liotir. 


TIDES. 

TIDE  is  a  periodical  motion  of  tlie  water  of  the  sea,  by  wliich  it  ebtiii 
^nd  Bows  twice  a  day.  The  Jltno  continued  about  6  hours,  during  which  the 
"water  gradually  rises  till  it  arrives  to  its  greatest  height ;  then  it  begins  to 
wfM  or  decrease,  and  continues  to  do  so  for  about  fi  mure,  till  it  has  fallen  to 
«)«arly  its  former  level ;  then  the  flow  begins  as  before.  When  the  water 
%!■«  attained  its  greatest  height  it  Is  said  to  be  high-iralcr,  and  when  it  Is 
^dotM-  falling  it  is  called  lout-mifcr. 

TTie  cause  of  the  tides  is  the  unequal  attraction  of  the  sun  and  raoon  upon 
■iSiSerent  parts  of  the  earth.  For  they  attract  the  parts  of  the  eartli's  sur- 
Eice  nearest  to  them,  witti  a  greater  force  than  they  do  its  centre  :  and  at- 
tract the  centre  more  than  they  do  the  opposite  surface.  To  restore  this 
•^iiilibrium  the  waters  fake  a  spherojilnl  fisrurp.  whose  longer  axt'5  is  directed 
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townrds  the  attracting  luminary.  If  the  moon  onlj  acted  upon  tlM  if^ter* 
the  time  of  high  water  would  be  when  the  moon  was  upon  the  meri^aii, 
above  or  helow  the  horizon ;  or  rather  at  an  hour  or  two  after,  (beeauM  the 
moon  continues  to  act  with  considerable  force  for  some  time  afti^  paasRig  Ibe 
meridian.)  But  the  moon  passes  the  meridian  about  49^  later  eveiy  day;  of 
course,  if  she  only  acted  on  the  tides,  they  would  be  retarded  every  da  j  49*, 
and  it  would  he  high  water  at  the  same  distance  from  her  pasong  the  meri- 
dian ;  and  it  is  upon  this  principle  that  the  time  of  high  water  is  eateidated  in 
most  hooks  of  navigation,  although  the  time  thus  calculated  will  flonietime«< 
differ  an  hour  from  the  truth,  owing  to  the  neglect  of  the  disturbing  force  of 
the  sun.  The  effect  of  the  moon  upon  the  tides  is  greater.than  that  of  the 
sun,  notwithstanding  the  quantity  of  matter  in  the  latter  is  rastly  greater 
than  in  the  ff>rmer :  but  the  sun,  being  at  71  much  greater  distance  ftom  the 
earth  than  the  moon,  attracts  the  different  parts  of  the  earth  with  nearly  the 
same  force;  whereas  the  moon,  being  at  a  much  less  distance,  attncts  the 
different  parts  of  the  earth  with  \ery  different  forces.  According  to  the 
latest  observations,  the  mean  force  of  the  sun  for  raising  the  tides  bto  the 
mean  force  of  the  moon  as  1  to  Z\.  hj  the  combined  effect  of  these  two 
forces,  the  tides  come  on  sooner  when  the  moon  is  in  her  first  and  third  quar- 
ters, and  later  in  the  second  and  fnnrth  quarters,  than  they  would  do  if  caus- 
ed only  by  the  moon's  attraction.  The.  mean  quantity  of  this  acceleration 
and  retardation  is  given  in  Table  B,  subjoined;  the  use  of  which  ifill  be 
explained  hereafter. 

The  tides  arc  greater  than  common  about  three  days  after  the  new  and 
full  moon  ;  these  are  called  spring-tides.  And  the  tides  are  lower  than  com- 
mon about  three  days  after  the  first  and  last  quarters;  these  are  calM  the 
neap-tides.  In  the  former  case  the  sun  and  moon  conspire  to  raise  die  tide 
in  the  same  place,  but  in  the  latter  the  sun  raises  the  water  where  the  iflOoii 
depresses  it.  When  the  moon^is  in  her  perigee,  or  nearest  approach  to  the 
earth,  the  tides  rise  higher  than  thev  do,  under  the  same  circumstAnces,  at 
other  times ;  and  are  lowest  wlien  slie  is  in  her  apogee^  or  farthest  diaCanre 
from  the  earth.  The  spring-tides  are  greatest  about  the  time  of  the  equi- 
noxes, in  March  and  September,  and  the  neap-tides  are  less.  All  these 
things  would  obtain  exactly,  were  the  whole  surface  of  the  earth  covered 
with  sea;  but  the  interruptions  caused  by  the  continents,  islands,  shoals,  ke. 
entirely  alter  the  state  of  the  tides  in  many  cases.  A  small  inland  sett,  such 
as  the  Mediterranean  or  Baltic,  is  little  subject  to  tides;  because  the  aelSon 
of  the  sun  and  moon  is  always  nearly  equal  at  the  extremities  of  such  seas. 
In  very  high  latitudes  the  tides  are  inconsiderable. 

From  the  observations  of  many  persons,  the  times  of  high-water  on  the 
days  of  new  and  full  moon,  in  the  most  noted  places  of  the  globe,  have  been 
collected.    Tliese  times  are  usually  put  in  a  table  against  the  names  of  the 
places,  arranged  in  alphabetical  order  as  in  Table  XLVII.  of  the  collec- 
tion accompanying  this  work,  by  means  of  which  the  times  of  high-water 
may  be  found  by  v«irious  methods.    The  most  common  rule  prescribed  for 
this  purpose,  in  books  of  navigation,  is  that  depending  on  the  golden  num- 
ber and  epact,  the  tide  being  sup])osed  to  be  uniformly  retarded  every  day. 
This  method  will  sometimes  differ  2  hours  from  the  truth,  for  which  reaso^A 
I  shall  not  insert  it :  but  shall  proceed  to  explain  the  calculation  by  the  a 
joined  tables  A  and  B,  and  the  Nautical  Almanac  ;  by  means  of  which 
time  of  high-water  may  be  obtained  to  a  greater  degree  of  eX'ictncss 
from  our  common  Almanacs. 

RULE. 

Find  the  time  of  the  moon*s  coming  to  the  meridian  at  Greenwich  on  ^^Bli^ 

Table  A,  G»ff^ 
correspond   ^nf 


given  day,  in  pag^  VI.   of  the  Nautical  Almanac.      Enter  Table  A,  c^^0<i 
find  the  longitude  of  the  given  place,  in  the  lef>  hand  column. 
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to  which  is  a  number  of  minutes  to  be  applied  to  the  time  of  passing  the 
meridian  at  Greenwich,  bv  adding  when  in  leest  longitude,  but  suhtraclmg 
when  in  coif  lon^tude ;  the  sum  or  difference  will  be  nearly  the  time  that 
the  moon  passes  the  meridian  of  the  given  place.  With  this  time  enter  Ta- 
ble B,  and  take  out  the  corresponding  correction,  which  is  to  be  applied  to 
the  time  of  passing  the  meridian  of  the  place  of  obscriation,  by  aoding  or 
subtncting,  according  to  the  direction  of  the  table. 

To  this  corrected  time  add  the  time  of  full  sea  on  the  full  and  change 
<UjB ;  the  sum  win  be  the  time  of  hi||h-wuter  at  the  given  place,  reckoning 
from  the  noon  of  the  given  day.  If  this  sum  be  greater  than  12h.  34m.  you 
must  subtract  12h.  £4ra.  from  it,  and  the  remainder  will  be  the  time  of  high- 
water  nearly,  redconing  ft*om  the  same  noon;  ^r  if  it  exceed  241i.  48m.  you 
must  subtract  24h.  48m.  from  that  sum,  and  the  remainder  will  be  the  time 
of  high  water,  reckoning  from  the  same  noon  nearly. 

EXAMPLE  I. 

Required  the  time  of  high  water  at  Charleston,  (S.  C.)  March  17,  1820. 
in  the  afkeraoon,  avW  account  ? 

Bj  the  Nautical  Almanac  I  find  that  the  moon  passers  the  meridian  of 
Greenwich  at  2h.  Sim.;  to  this  I  add  1  Im.  taken  from  Table  A,  correspond- 
ing to  the  longitude  of  Charleston.  With  the  sum  'S,h.  4im.  I  enter  Table 
B,  and  find  (by  taking  proportional  parts)  that  the  correction  is  45m.  which 
is  to  be  subtracted  from  i2h.  4i2m.  (because  immediately  over  it  in  the  table  it 
is  marked  Sub.);  to  the  remainder  Ih.  07m.  I  add  the  time  of  high  water 
on  the  full  and  change  days  7b.  10m.  (which  is  found  in  the  tide  table  follow- 
ing; )  the  sum  9h.  12m.  is  the  time  of  high  water  on  the  afternoon  of  March 
17,  1820,  civil  account. 

EXAMPLE  II. 

Required  the  time  of  hii;h  water  at  Portland,  (Maine)  May  23, 1820,  in  the 
a tbonooo,  civil  account? 

By  the  Nautical  Almanac  the  moon  will  psiss  the  meridicin  of  Greenwich 
at  8  hours  49  minutes.  The  correction  from  Table  A,  corresponding  to  70^ 
ihe  longitude  of  Portland  is  9ni.  which  added  to  Bh.  49m.  ^ives  the  time  of 
the  moon*s  southing  at  Portland  8h.  53m.  nearly.  The  number  in  Table  B 
fomnoBdii^  to  8h.  58m.  is  23m.  which  is  to  be  added  to  8h.  58m.  (because 
iinmeoiatdy  orer  it,  in  the  table,  is  marked  Add.)  To  the  sum  9h.  21m.  I 
add  ttie  time  of  higli  water,  on  the  full  and  chnnge  days,  lOh.  45m.  and  the 
sum  u  29h.  6m.  consequently  Ihe  liigh  water  is  at  20h.  6m.  past  noon  of  May 
Sd,  that  is,  at  <h.  6m.  A.  M.  of  May  24.  And  by  subtracting  1 2h.  24m.  from 
20h.  Bm.  we  have  7h.  42m.  which  will  be  nearly  the  time  of  high  water  on 
the  aftmoon  of  May  23,  1820. 

In  this  manner  we  may  obtain  the  time  of  high  water  at  any  place,  to  a 
cunsiderable  degree  of  accunicy.  But  the  tides  are  so  much  influenced  by 
the  winds,  freshets,  kc.  tliat  the  calculated  times  will  sometimes  difler  a  little 
from  the  tnith. 

Many  pilots  reckon  the  time  of  high  water  by  tlie  point  of  the  compass 
the  moon  is  upon  at  that  time,  allowing  45  minutes  for  each  point.  Thus 
on  tht  fuU  and  change  days,  if  it  is  high  water  at  noon,  they  say  a  north  and 
Ksouth  OQOon  makes  £iU  sea ;  and  if  at  llh.  15m.  they  say  a  S.  by  E.  or  N. 
^T  W.  moon  makes  full  sea ;  and  in  like  manner  for  anv  other  time.  But  it 
a  a  a  very  inaccurate  way  of  finding  tiie  time  of  full  sea  by  the  bearing  of  the 
^noon,  except  in  pkioes  where  it  is  high  water  about  noon  on  the  full  and 
change  days. 

When  you  have  not  a  Nautical  Almanac,  you  may  find  the  time  of  higii 
"%*-ater  by  means  of  the  following  tables  C  and  D;  and  although  the  for- 
^ner  method  is  the  most  accurate,  yet  the  latter  may  be  useful  in  many 
•^aws.  To  calcuiatc  the  time  of  fiilfsea  by  this  mnthod,  observe  the  follow- 
injc  rule. 
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RULE. 

Enter  Table  C,  and  take  out  the  number  ivhich  stands  oppoute  to  the 
year,  and  under  the  month  for  wliich  the  tide  is  to  be  calculated;  dus 
lamiber,  added  to  the  dav  of  the  month,  will  give  the  moon^s  age.  rejectiDg 
80  when  the  sum  exceeds  that  number.  Against  lier  age  found  in  the  left 
hand  column  of  Table  D,  is  a  number  of  hours  and  minutes  in  the  adjoined 
column,  which  being  added  to  the  time  of  high  water  at  the  given  place  on 
the  full  and  change  days,  will  give  the  time  of  high  water  required,  observ- 
ing to  reject  12h.  £4m.  or  24h.  48m.  when  the  sum  exceeds  either  of  those 
times. 

By  this  rule  I  shall  work  the  two  preceding  examples. 

EXAMPLE  III. 

Required  the  time  of  high  water  at  Charleston,  (S.  C.)  March  17, 18S0,  in 
the  afternoon,  civil  account  ? 

In  the  table  C,  opposite  18£0,  and  under  March,  stand  16,  which,  added 
to  the  day  of  the  month  17,  gives  35,  and  by  subtracting  510,  leaves  9,  the 
moon's  age :  opposite  3  in  Table  D,  is  Ih.  46m.  which  added  to  7h.  15m. 
the  time  of  high  water  on  the  full  and  change  days,  gives  9h.  Im.  for 
the  time  of  high  water;  differing  eleven  minutes  from  the  formermethod. 

EXAMPLE  IV. 

Required  the  time  of  high  water  at  PorUand,  (Mass.)  May  £3, 18S0,  in  th 
afternoon,  civil  «iccount  ? 

In  the  Table  C,  opposite  1820,  and  under  May,  stand  18,  which  added  t 
the  day  of  the  month  S3,  gives  (by  neglecting  30)  the  moon*8  age  II ;  op — 
posite  to  this,  in  Table  Dl  is  9h.  19m.  which  added  to  lOh.  45m.  the  time  oK. 
high  water  on  tlie  full  and  change  days,  gives  SOh.  4m.  from  which  subtract — 
ing  ISh.  24m.  there  remains  7h.  40m.  for  the  time  of  full  sea  May  S3,  1820: 
this  differs  2  minutes  from  the  former  method. 

In  the  third  column  of  Table  D  is  given  the  time  of  the  moon's  coming  f 
the  meridi'Ui,  for  every  day  of  her  age:  thus,  opposite  11  days  stand  8h 
57m.  which  is  the  time  of  her  coming  to  the  meridian  on  that  day.     This  s 
table  may  be  of  some  use  when  a  Nautical  Almanac  cannot  be  procured 
but  being  calculated  upon  the  supposition  that  the  moon  moves  unifomilj^^ 
in  the  equator,  the  table  cannot  be  very  accurate.    The  numbers  in  diis  Ta 
ble  are  reckoned  from  noon  to  noon ;  thus,  Ih.  A.  M.  is  denoted  by  19h.    — • 
2h.  A.M.  by  14h.  kc. 

The  time  of  new  moon  is  easily  found,  by  subtracting  the  number  taker 
from  Table  C  from  30.  Ex.  Suppose  it  was  required  to  find  the  time  ofneva 
moon  for  May,  1820?     By  examining  the  table,  we  find  the  number  co: 
responding  to  that  time  is  18;  this  subtracted  from  30  leaves  It;  therefo: 
it  Avill  be  new  moon  the  12th  May,  1820. 

When  the  time  of  high  water  is  known  for  any  day  of  the  moon's  agi» 
tvG  may  from  thence  find  the  time  of  high  water  on  the  full  and  change  dayr 
by  the  following 

RULE. 

Find  the  time  of  the  moon's  coming  to  the  meridian  of  Greenwich, 
page  VI.  of  the  Nautical  Almanac;  to  this  time  apply  the  corrections  tBk».J9A 
from  the  tables  A  and  B,  (in  the  same  manner  as  directed  in  the  precedir^  'i' 
rule  for  finding  the  time  of  high  water)  subtract  this  corrected  time  from  tL^'  .^ 
observed  time  of  high  water,  and  the  remainder  will  be  the  time  of  hi  ^-^k^ 
water,  on  the  change  and  full  days. 

Note.    If  the  time  to  be  subtracted  be  greater  than  tlie  observed  time 
full  sea,  you  must  increase  the  latter  by  12h.  24m.  or  by  24h.  48m.  nearly 

EXAMPLE. 

Suppose  that  on  the  17th  March,  1820,  the  time  of  high  valcr  at  Char»^ 


/ 


TIDES. 


SIT 


ton,  (S.  C-)  was  found  ta  be  at  Sh.  iSm.  F-  >t.  required  the  lime  of  high  ira- 
ler  on  Um  fiill  and  changr  days  1 

I  findia*  in  example  1st.  [irecpding,  llint  the  niimher  to  be  subtracted  is 
Ih.aTn. — tailing  this  from  9h.  ISm.  Ica¥ts7h.  15m.  vrliich  is  the  time  of 
biRh  water  on  the  fti]  «nd  rhangc  dnys. 

Wkeoyoa  have  tuil  a  Nautical  Almanac,  you  may  find  the  time  of  hifch 
-water  on  the  full  awl  cliange  li j  means  of  tlie  Tubles  C  and  D.  For  in  the 
preteot  example,  I  find  liy  Tahic  C>  that  tlie  moon  ago  ivas  3,  currespond- 
jng  to  which,  in  the  second  column  of  Tahle  D.  is  lli.  46m.  this  subtracted 
fmin  9h.  7m.  Icaves  Til.  Sim.  for  tlie  time  of  high  water  on  the  full  and 
t  fays. 


Tab.  B. 


Tab.  C. 


T*B.  D- 


Add  the  nimilier  tnken  fnmi  tliis  Ta- 
hi.'  lo  Ihr  diiy  of  tlic  mmiili  :  thf 
sum  (rcjcrtinp;  3(1  or  CD  if  iiec-ssaryl 
nill  be  Ihc  Moon's  a^c  n.Mrly. 


I»  an  the  prcr«dLnt;  calrulallons  of  the  time  of  hi;;h  water,  we  have  nr-^ 
elected  the  correclion  arising  from  the  variation  of  the  distances  of  Ilie 
aim  and  moon  from  the  earth,  and  from  the  different  declinations  of  thosf: 
objects.  These  eaiues  might  produce  a  correction  of  10'  or  13'  in  the  lime 
«f  bigb  water,  but  in  Kenenl  will  be  much  less,  and  mny  therefore  be  Wy 
Uleetcd. 

Ff 


(ii«) 


CURRENTS. 

A  CURRENT  is  a  progressive  motion  of  the  water,  causing  all  Hotitinf^ 
bodies  to  move  that  way  towards  which  the  stream  is  directed.  The  Kiof  a 
current,  is  that  point  of  the  compass  towards  which  the  waters  run,  and  its 
drift  is  the  rate  it  runs  per  hour.  The  most  usual  way  of  discovering  the 
set  andtlrifL  of  an  unknown  current,  is  thus : 

Let  three  or  four  men  take  a  boat  a  little  way  from  the  ship  :  and  by  a 
rope  fastened  to  the  boat's  stem,  let  down  a  heavy  iron  pot  or  loaded  kettU'. 
to  tlie  depth  of  80  or  100  fatlioms ;  then  heave  the  log,  and  the  number  of 
knots  run  out  in  half  a  minute  will  be  the  miles  the  current  sets  per  hour, 
and  the  bearing  of  the  log  will  show  the  set  of  it. 

Tliere  is  a  very  remarkable  current,  called  the  Gulf  Stream,  which  aets 
in  a  north-east  direction  along  the  coast  of  America,  from  Cape  Florida  to- 
wards the  Isle  of  Sables,  at  unequal  distances  from  the  land,  being  about  75 
miles  from  the  shore  of  the  southern  states,  but  more  distant  froin  the  shore 
of  the  northern  states ;  the  width  of  the  stream  is  about  40  or  50  miles, 
widening  towards  the  north ;  the  velocity  is  various  from  one  to  three  knots 
per  hour,  or  more,  being  greatest  in  the  channel  between  Florida  and  the 
Bahamas,  and  gradually  decreasing  in  passing  to  the  northward;  but  is 
greatly  influenced  by  the  winds  both  in  drift  and  set. 

We  are  chiefly  indebted  to  Doctor  Franklin,  Commodore  Truxton,  and 
Mr.  Jonathan  Williams,  for  the  knoivledge  we  possess  of  the  direction  and 
velocity  of  this  stream  ;  its  general  course,  as  given  by  them,  is  marked  on 
the  chart  aflixed  to  this  work.  They  all  concur  in  reconunending  the  use  of 
the  thermometer,  as  tlie  best  means  of  discovering  when  in,  or  near  the 
stream.  For,  it  appears  by  their  observations,  that  the  water  is  warmer  than 
the  air  when  in  the  stream  ;  and  that  at  leaving  it,  and  approaching  towards 
the  land,  the  water  will  be  found  six  or  eight  degrees  colder  tluin  in  thc^ 
stream,  and  six  or  eight  degrees  colder  still,  when  on  soundings.  Vessels 
coming  from  Europe  to  America,  by  the  northern  passage,  should  keep  a 
little  to  the  northward  of  the  stream,  wliere  they  may  probably  be  assisted 
by  a  counter  current,  as  is  observed  by  Commodore  Truxton.  When  bound 
from  America  to  Europe,  a  ship  may  generally  shorten  her  passage  by  keep- 
ing in  the  gulf.  By  steering  N.  W.  you  will  generallv  cross  the  gulf  in  the 
shortest  time,  as  the  direction  of  the  stream  is  nearly  N.  E.  Those  who 
wfsh  for  further  information  on  this  subject,  may  consult  an  ingenious  trea- 
tise on  "  Thermometrical  Navigation,"  published  by  Mr.  Jonathan  Wil- 
liams, at  Philadelphia,  in  1709,  and  re-published  by  £dm.  M.  Blunt,  to  ac- 
company his  Chart  of  the  Western  Ocean,  in  1819. 

In  the  other  parts  of  the  Atlantic  ocean  the  currents  are  variable,  but  are 
generally  south-easterly,  along  the  coast  of  Spain,  Portugal  and  Africa,  from 
the  Bay  of  Biscay  towards  Madeira  and  the  Cape  de  Verds.    Between  duck 
tropics  there  is  generally  a  current  setting  to  the  westward. 

There  is  also  a  remarkable  current  which  sets  through  the  Mozambiq 
channel,  between  the  Island  of  Madagascar  and  the  main  continent  of  Afri 
in  a  south-westerly  direction :  in  proceeding  towards  Cape  Lagullas  the  ci 
rent  takes  a  more  westerly  course,  and  then  tends  round  the  Cape  towai 
St.  Helena.     Ships  bound  to  the  westward  from  India,  may  generally  shor^ 
their  passage,  by  taking  advantage  of  this  current.     On  the  contrary,  wf 
bound  to  the  eastward,  round  the  Cape  of  Good  Hope,  they  ought  to  k 
£ar  to  the  southward  of  it.     However,  there  appears  to  be  a  great  diflTcre' 
in  the  velocity  of  this  current  at  different  times ;  for  some  ships  have  ' 
oflf  this  Cape  several  days  endeavouring  to  get  to  the  westward,  and 
found  no  current ;  others  have  experienced  it  setting  constantly  to  the  w 
ward  during  their  passage  from  the  Cape  towards  St.  Helena,  Ascension 
th^  West-India  Islands. 


All  CUM  of  *ai\iag  in  ■  current  ■re  calculated  upon  the  principle,  tlwt  Uie 
ship  is  ■Acted  by  it  id  the  same  manner  as  if  she  had  sailed  in  still  water 
^■ith  tn  ad^tioDal  course  and  diatance  exacti j  equal  its  set  and  drift  ■  on 
this  principle  the  projection  and  calculation  of  any  problem  of  this  kind  msT 
be  easily  made.  ' 


J/ a  tk^  muU  m  wHa  N.  E.by  N.  in  a  current  vAiek  tea  S.bu  W.  tT  nittt 
in  the  tame  time  ;  requirtd  her  Inu  count  and  dUtanet  ? 


BY  PROJECTION. 

DcKribe  the  compaim 
NESW,  tbrough  the  centre 
A  draw  the  N.  E.  by  N.  line 
AC=g8  miles,  through  C 
draw  the  line  CB  parallel  to 
th«  B-  by  W.  line,  and  make 
CB=S7  miles,  and  join  AB. 
Then  AB  will  be  the  course 
and  distance  made  good, 
which  by  measuring  are  N. 
£.  1  N.  74  Diilek  ^■ 


BY  CALCULATION. 

The  shortest  method  of  calculating 
this  problem  is  by  means  of  Table  I.  as 
in  the  adjoined  Traverse  Table ;  jiuttine 
in  it  the  course  sailed  by  the  ship,  and 
the  Mt  of  the  current,  and  finding  the 
difference  of  latitude  and  departure  by 
that  Table,  then  find  the  course  and  dis- 
tance made  good,  as  in  Case  VI-  Plane 
Sailing.  In  the  present  example  the 
courae  b  N.  E.  1  N.  and  the  distance  74 
miles  neariy. 


TRAVERSE  TABLE.            j 

Counes. 

Di5t. 

N. 

S. 

E. 

W. 

N.F,.bvN 

s.  bj-  w. 

93 

ST 

SP.5 

26.S 

54.4 

S.3 

31.5 

lb.!, 

86.5 

54.4 

i.3 

B.% 

Difll 

Ut. 

55.0 

Dep.  49.  ll         1 

METHOD  OF  KEEPING 

A  SHIP'S  RECKONING  OR  JOURNAL  AT  SEA. 

A  SHIP'S  AECKONING  is  that  account,  by  which  it  can  be  known  atany 
time  wherdAe^Aip  ig,  g^d  on  what  course  or  courses  she  must  steer  to  gain 
her  port,  Dt,jf  Akckoniko  is  that  account  deduced  froin  the  ahip'i  ^n 
ftvm  the  Intp^rvatJon. 


METHOD  OF  KEEPING  A  JOURNAL  AT  SEA- 


n  boiird  a  slii|>  an-  niark- 


calk'd     thi-    loix-hoard    iir 

lag-slvlt,  ki'pt  in  llii'  sti-i-i- 

age  for  tliat  |)ur|ii)si',  lie- 

ing    luiinlly   dhiili-il    intu 

seven   cnliiiniiH;   tliii   llrsi 

cuntaiiis  lln'  ti^nirE  rmiii 

nuoii  lo  miiin.  Ix'inc  tnurk- 

«1  by  WHiu-  fur  tvtry  Iwo 

haun.  Hilt  liy  olhrr*  I'lir 

every  fUnAr  huiir;  iji  lliv 

ftccuiid  uml  third  cnluiittis 

are  the  ktiuls  nnd  futliom^ 

the  ship  M  found  1i>  run  [>t:r  liuiir,  ^ 

horc.     Siiini'  NHvi);nti>rs  lit  ni>1  tIM 

half  knot^  only,  innrkint:  Iln-  lliir.l  <- 

tRiiis  tli<'  coiirsfs  stt-crcd  hy  >-ninp:i 

)ec-w.-iy,'  iiJid  tin;  stvenlli,  tlic  idd 

board, 


Uoderttt*  pdes  & 
rkir  nealber ; 
i  A.   M.  uw 
ihip  to  tbe  north- 


No  obccrralkni. 


iKiiiiisI  l!ie  hour*  when  the  log  was 
tln>   knot  iii[i>  toil   fatlmms.  hut  into 
mil  H-  K.     The  fourth  rolumn  coo- 
lUo   fifth,  Ihr  W'indB;  the  aixtll,  the 
ii>n  of  the  sails,  the  business  dom  a.- 
vhat  ulhtT  remarks  the  oflii^T  of  the  wateh  think*  proper  to  in- 
Kvrt-      Fur  it  ehniild  hir  obHerri-d.  tlial  it  Is  usual  to  divide  a  ship's  compaDJ 
into  tiv'»  piirt»,  called  the  alariiourd  and  kirhoard  «  atches,  who  do  the  duty 
flflhi:  ship  for  Tour  liours  and  four  hours,  uititrniifly,  except  froni  4  to  8  P. 
id-  which  is  divided  into  two  wntcliea.     The  remarks  made  on  the  log-boud 
are  daily  nijiied  into  a  IxHik  ralk-d  the  Lou-mxiK,  irhich  is  ruled  Kke  the  log' 
board.     Tins  book  rontaiiis  an  Riillieiitic  record  of  the  ship's  traDsaction<t, 
and  the  persons  who  keep  u  rerkoi)iii(c,  tran«erilie  them  into  their  /oNma/jr, 
and  from  thence  make  the  nuet-s.-'ary  dcductimis  ri'liitive  lo  the  ship's  pfacu, 
ever^'  diiv  al  noon,  ivhifh  oj)eration  in  calh'd  working  ii  day't  teork.     While^^ 
3  ship  is  III  port,  the  rvmurktt  entered  in  the  loj-liook  are  called  harbour  leork   -r- 
or  horlMiir  journah,  and  the  dur  i^  thou  esiininteil  acrordinj;  to  the  civi      m 
eulnputation  as  on  shore,  tlutt  k  from  mid-nit;l}t  lo  mid-night ;  but  at  3C=^ 
the  diiy'a  tvurk  enilliit;  ut  noon  is  dalid  the  saitip  its  ttie  civil  day.  so  that  th^  - 
day's  wiirk  nuirkeil  ;>Ioiid;iy  bepin  oit  ^iniday  noon,  aitd  ended  on  Monda^^ 
ut  noon ;  tlitt  day  thiid  marki^d  is  enlb-d  a  naulieai  dau ;  the  first   12  hours''^ 
lit'ing  marked  P.  M.  the  iaili-r  A.  M.     Then:  are  vanous  ways  of  keeping  ' 
JDunials  at  sea,  neenrdins  to  the  ililTvrrnt  ta.-li-s  of  navigators.     Some  keeK-«= 
■inly  an  ahbtract  uf  i-udi  day'x  trai 'suction?,  specifying  the  weather,  wha«-* 
dllps  or  hilids  Wert-  seen,  nrejdcnis  on  burird.  thi-  latitude,  Ums;i(ude,  cours^g* ' 
and  run  :  these  particulars  biinjr  drawn  from  th.'  ship's  log-liook.     Others-: 
keep  fl  full  copy  of  the  lojf-lKiuk,  and  the  dRduetitriis  drawn  fhercTroin,  ai:x^ 
ranged  in  proper  culIlnm^>:— (his  is  the  most  satisfaelory  method  tu  thoi^  • 
who  may  liavi-  occasion  lo  inspect  the  journal :  and  ive  Itave  adopted  it  L2 
tfaefollowlug,  but  sh:ill  give  an  ulistmct  at  the  end  confonuablc  tu  the  othc^  -^ 
method. 

When  u  ship  is  nlioiil  losini;  si<;ht  of  th<-  land,  tlic  bearing  of  some  note^^* 
place  (whose  btilude  and  h>n;;itiiilr  are  known)  niu»t  he  ubsitrvril,  and  its  di.^^ 
tsncc  e!.tiai:ited  and  inarkrd  «ii  the  log-boiik  :  this  is  called  taking  a  dtpa^^^ 
tvrt.  Ill  working  this  lir»t  day's  work,  the  raleiilalion  is  to  be  niadc  in  tl^Mb 
same  manner  ns  if  the  ship  Ihtd  sailed  that  di)<tanee  from  that  place  iipon-c-  ^ 
course  oi)posite  to  that  hi-ariiig,  and  that  coufkc  and  distance  arc  to  be  c  ^v 
tered  accordingly  into  the  tnivt^rset-ibli'.  afliT  allowing  for  the  variation. 
To  alUiw  fur  the  Varialiiin. 
We  have  already  ti:ii>;ht  llirt  methods  of  finding  the  variation,  wliich  mu  ^* 
be  allowed  on  all  eourses  stcert!d,  and  on  all  be.-u-iiigs  taken  Tvith  the  cnr«3- 
pass ;  to  tkt  right  hand,  if  thi  vanation  be  tatt ;  but  lo  lit  hjl  hand,  \f  u 
tbe  observer  being  supposed  to  lie  placed  in  the  rentre  of  the  compass,  1 
ing  towards  the  point  from  wliieh  ilie  vwriniion  is  to  heall'wed. 

'^■Cjctiuo  uT It*  iR-WaTuTtuwuiir' III  aliu" ine  foi  II, aiv «i|>liiliKU  I*  Ihe  IffJIwiiriPC 


METHOD  OF  KEEPING  A  JOURNAL  AT  SEA.    ^\ 

EXAMPLES. 

Points. 

Otti9€  tj  csoipui  N.  E.  by  E.  Voriatioa  2    W.              True  coarse  N.  E.  Inr  K. 

N.E.  UK.  21.  K.brE.'i  K. 

K.  W.  3    W.  W.byN. 

S.  E.  3    K.  S.  bv  E. 

8.  8.  W.  U  W.  8.  4  W. 

E.  S.E.  U  W.  E.i8. 

a  w.  i  w.  *  w.  s.  w. ;  s.      ' 

N.  N.  E.  i  E.  ll  E.  N.  E.  i  E. 

To  fnd  the  he-icay  and  alloicfor  it. 

The  courses  must  likewise  be  corrected  for  lee-way,  the  nature  of  which 
may  be  thus  explained.  When  a  ship  sails  upon  a  wind,  in  a  fresh- gale,  that 
part  of  the  wind  which  acts  upon  the  hull  and  rigging,  together  with  a  con- 
biderable  part  of  the  force  exerted  ou  the  sails,  tend  to  drive  her  immedi- 
ately from  the  direction  of  tlie  wind,  or,  as  it  is  termed,  to  leeward.  But 
since  the  bow  of  a  ship  exposes  less  surface  to  the  water  than  the  side,  the 
resistance  will  be  less  in  the  first  case  than  in  the  second ;  the  velocity  there- 
fore in  the  direction  of  her  head  will,  in  most  cases,  be  greater  than  the 
velocity  in  the  direction  of  her  side,  and  the  ship's  course  will  be  between 
the  two  directions,  and  the  angle  contained  between  the  course  towards 
which  the  ship's  head  is  directed,  and  the  course  she  really  describes  through 
the  water,  Is  termed  her  lee-teay.  The  quantity  of  lee- way  to  be  allowed 
will  depend  upon  a  variety  of  circumstances ;  as  the  motild  and  trim  of  the 
Mp ;  tne  quantity  of  sail  she  carries ;  her  velocity  through  the  water,  kc. 
honce  do  general  rules  can  be  laid  down  with  accuracy  that  will  determine 
the  quantity  of  lee-way  in  all  cases.  The  following  have,  however,  beea 
usually  given  by  most  writers  on  navigation. 

1.  When  a  ship  is  close  hauled  with  all  her  sails  set,  the  water  smooth, 
and  a  light  breeze  of  wind,  she  is  then  supposed  to  make  little  or  no  lee- 
way- 

^.     When  the  top-gallant  sails  are  handed,  allow  1  point. 

3.  Wbeo  under  close  reefed  topsails,  allow  2  points. 

4.  When  one  topsail  is  handed,  allow  i^.^  points. 

5.  When  both  topsails  are  handed,  allow  S-h  points. 

6.  When  the  fore  course  is  banded,  allow  4  points. 

7.  W'hen  under  the  mainsail  only,  allow  5  points. 

8.  When  under  a  balanced  nitzen,  allow  G  points. 

9.  When  under  bare  poles,  allow  7  points. 

As  these  allowances  depend  entirely  on  the  quantity  of  sail  set,  without 
regard  to  any  other  circumstance,  it  is  evident  that  they  can  be  considered 

4>aly  as  probable  conjectures,  and  may  indeed  serve  to  work  up  the  day's 
Iffork  of  a  journal  that  has  been  neglected.  But  since  the  computation  of  a 
Bhip*B  way  depends  much  upon  the  accuracy  of  this  allowance,  it  would  be 
|>roper  for  the  officer  of  the  watch  to  mark  the  lee-way  on  the  log-board,  in 
the  column  reserved  for  that  purpose.  The  lee-way  may  be  estimated  by 
obser^iog  the  angle  which  the  wake  of  the  ship  makes  with  the  point  right 
matem,  by  moans  of  a  semi-circle  marked  on  the  taiTrail,  and  divided  into 
points  and  quaKcrs ;  by  means  of  which  the  angle  contained  between  the 
direction  of  the  wake  and  the  point  of  the  compass  directly  astern,  may  be 
easily  ascertained. 

The  lee-way  thus  determined  is  to  be  allowed  on  all  courses  steered^  to  the 
91^/  hand  of  the  course  attend ,  ichtn  the  larboard  tacks  are  aboard,*  but  on  the 
A^  handy  tchen  Iht  starboard  tecks  arc  aboard ;  the  person  making  the  allow- 

^Bhce  being  supposed  to  be  looking  towards  the  point  of  the  compass  the  ship 

Ms  saOiog  upou. 

EXAMPLES. 

Courtm  rticrrrl.  WUid.  Lee-way.  True  c<mne. 

».  W-  h.  K.  E.  1  pulnt.  N.  W.  by  W. 

^i'S"  Vorlh.  2  EMt. 

S:tL^  Soulh.  1  E.by8. 

7'^ Six  9  W.byW.  i  W.fN. 


•  »«e  the  D<K«  past  14P. 
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When  the  variation  and  Icc-wn;^'  arc  both  to  lie  sllowpd  on  a  coune,  you 
may  do  it  at  once,  l>y  allowini;  tlitir  sum  wlicii  they  are  both  the  ume  w»y, 
or  their  iliSertincc  wucii  the  alluwance  is  to  be  made  in  different  wbvb,  takii^ 
care  to  make  the  allowance  in  the  same  way  as  Ihe  greater  <|iiantity  ou^t 
to  be,  wlictiicr  it  be  tlie  variation  or  lee-way. 


Ler-vny  u>  Ihe  rl^lil  bud 


Athlpiu 


EXAMrLE  n. 


Wbraa  Um  tmutt  i>  »«1.  Wl«acr  ilie  coun*  U  E.  bj  N. 

In  a  violent  gale,  with  a  lieud  wind  and  heavy  xea,  whi>n  it  would  be  dan- 
gerous to  carry  suil,  it  is  usual  to  lie  to  under  sufficient  sail  to  prevent  the 
vesiusl  from  rolling  so  much  as  to  endanger  the  musts  and  rigging.  When  a 
ship  IB  lying-tii,  the  tiller  is  put  iivcr  to  leeward,  and  when  the  ship  has  head- 
wny,  the  rudder  acts  upon  her  to  bring  her  tu  the  wind ;  the  ship  then  loscfl 
her  way  in  the  water,  whicli  ceasiiii^  to  act  on  Iht^  rudder,  her  head  falls  off 
from  the  wind,  atu!  tlie  sail  which  is  set  fills  and  gives  her  Tresh  way  tfarougb 
Ihe  water,  which  acting  on  the  rudder,  brings  her  head  again  to  the  wind. 
Thus  the  ship  is  kept  cnntintmlly  falling  off  and  coming  to.  In  this  caM, 
you  uiuHt  observe  the  points  on  which  she  romes  up  and  falls  off,  and  take 
the  middle  between  the  two  points  for  the  apparent  course,  from  which  al- 
low the  variation  and  lee-way,  and  you  will  obtain  the  true  course. 
EXAMPLE. 

A  ship  lying-lo  under  her  mainiiail,  with  her  starboard  tacks  aboard,  comes 
lip E.  by  S.  and  falls  off  N.  E.  by  E.  there  tiling  one  point  westerly  varia- 
tion, and  she  makes  &  points  lee-way — what  course  does  she  make  good  ? 

The  middle  between  E-  by  S.  and  N.  E.  by  E.  is  E.  by  N. ;  and  by  allow- 
ing G  points  to  the  left  hand  (viz.  &  for  lee-way  and  1  fur  variation)  the  true 
course  will  be  obtained  N.  by  E. 

To  exercise  the  learner  we  shall  add  the  eramtilcs  of  correcting  for  varia- 
tion and  lee-way  contained  in  the  following  Table. 
THE  TABLE. 


yoa  rauit  nlloif  the  sc 
ani]  drift  as  a  course  am 
distance  in  tlie  Traversi 
Table,  as  directed  in  p 
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(bund  bj  either  or  the 
preceding  mcUiods  of 
nailing.  The  lutiluilc 
and  longitude,  thu3<:al- 
culaled,  are  called  ilie 
latitude  and  longitude 
bj  itad  wcjtoninff,  and 
if  the  real  course  and 
distance  made  good  by 
tho  ihip  could  1>" 


tluDg  raon  would  be  wctwiij  to  dcicmune  tbe  thip'i  place  at  uij  tiae;  but  ir 
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season  of  the  various  accidents  that  attend  a  ship*8  way,  such  as  heave  of 
fkke  sea,  unknown  currents,  different  rates  of  sailing  between  the  times  of 
heaTiDg  the  log,  sudden  squalls,  improper  allowance  for  lec-way  and  vafia- 
tion,  the  latitude  and  longitude  of  the  ship  as  deduced  from  the  reckoning* 
will  frequendr  differ  from  the  latitude  and  longitude  by  observation.  In 
this  case  it  will  be  proper  to  re-examine  the  calculation  to  see  whether  a 
just  allowance  has  been  made  for  lee-way,  variation,  bad  steerage,  drift  of 
the  sea,  error  of  the  log-line  and  glass,  kc.  since  it  will  sometimes  be  found 
that  a  different  and  more  probable  estimate  of  some  of  these  quantities  will 
make  the  dead-reckoning  agree  more  nearly  with  the  observations.  Before 
the  method  of  finding  the  longitude  by  lunar  observations  was  introduced, 
the  mariner  had  no  other  observation  to  be  depended  on  except  his  latitude, 
and  it  was  then  usual  to  make  allowances  for  supposed  errors  in  the  courses 
and  distances,  so  as  to  make  the  latitude  by  observation  and  dead-reckoning 
agree.  The  method  made  use  of  by  Robertson,  Moore,  and  others,  was  di- 
vided into  three  cases,  viz. 

CASE  I. 
When  the  course  was  within  three  points  of  the  meridian,  the  errOr  was 
supposed  to  be  wholly  in  the  distance,  on  the  principle  that  it  would  require 
a  greater  error  in  the  course  to  cause  the  given  error  in  the  difi*ereRce  of 
latitude  than  could  be  supposed  probable  to  have  been  committed.  In 
this  case  the  corrected  departure,  Slc.  were  found,  with  the  course,  by  dead- 
reckoning,  and  the  difi*erence  of  latitude  by  observation,  as  in  Case  IV.  of 
Middle  Latitude  or  Mercator's  Sailing. 

CASE  II. 

When  the  course  was  between  three  and  five  points  of  tlie  meridian,  the 
rrror  was  supposed  to  be  part  on  the  course  and  part  on  the  distance.  In 
this  case,  the  corrected  departure  was  taken  equal  to  the  mean  of  the  depar- 
ture by  dead-reckoning,  and  the  departure  which  corresponds  to  the  dis- 
tance by  dead-reckoning,  and  the  diflference  of  latitude  by  observation.  With 
the  corrteted  departure,  and  the  dilferenrc  of  latitude  by  observation,  the 
course,  Stc.  were  found  as  in  Case  II.  of  Middle  Latitude  or  Merca tor's 
Sailing. 

CASK  IIT. 

When  the  course  was  more  than  five  points  from  the  meridian,  the  error 
was  supposed  to  be  wholly  on  the  course,  on  the  principle  that  it  would  re- 
quire a  greater  variation  in  the  distance  to  make  the  dead-reckoning  and 
obser^'ation  agree,  than  could  be  supposed  probable,  whereas  it  could  require 
hut  a  small  change  in  the  course  to  produce  the  souglit  effect.  In  this  case, 
Ihe  corrected  departure,  kc.  were  found,  with  the  distance,  by  dead  reckon- 
ing, and  the  difference  of  latitude  by  olrservation,  hy  Case  V.  of  Middle  La- 
titude or  Merrator's  Sailing. 

This  method  was  jsiven  in  the  former  editions  of  this  work,  in  conformity 
to  custom,  tiiough  I  was  decidedly  opposed  to  making  such  corrections, 
being  convinced  that  the  difference  between  the  dead-reckoning  and  obser- 
vation is  more  owing  to  unknown  currents  than  to  errors  in  the  courses  and 
distances  given  hy  the  log.  Even  admitting  the  principle  that  an  arbitrary 
correction  of  this  kind  is  proper,  the  preceding  method  does  by  no  means 
appear  to  be  the  most  probable.  To  show  this,  let  us  take  the  following 
example. 

Suppose  the  course  by  dead- reckoning  to  be  33^  44'  59",  the  distance  by 
the  log.  100  miles,  and  the  difference  of  latitude  by  observation  73.1  miles. 
This  comes  under  Case  I.  and  the  error  must  l>e  placed  wholly  on  the  dis- 
tance, which  is  to  be  found  with  tlie  course  33*^  44'  59"  (or  3  points  nearly) 
and  the  difference  of  latitude  73.1,  so  that  the  corrected  quantities  are  nearly 
by  Table  I.  course  33"^  41'  59",  distance  88,  and  departure  48.8.  Now  by 
altering  the  course  two  seconds,  making  it  33^  45'  1",  still  rettiining  the  dis- 
tance by  dead  reckoning  100  miles,  and  the  difference  of  latitude  by  obsrr- 
vation  73.1,  the  example  will  come  under  Ca^iC  II.  and  the  corrected  depar- 
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turc  is  the  mean  of  the  doparture  by  dead -reckoning  55.fi,  and  that  eorre- 
spending  to  the  distance  100,  and  the  difference  of  latitude  by  obsenration 
73.1;  namely  68.2,  so  that  tliis  correcffrf  departure  is  61.9  miles,  with  which 
and  the  difTerenre  of  hititude  by  observation  73.1,  we  obtain  the  corrected 
course  40^  15'  and  the  distance  9&.  Thus  we  see  that  by  altering  the  coune 
])y  de^d  reckoning  onlif  two  secondSy  the  corrected  course  varies  from  35^ 
44'  69'*  to  40*^  15'  or  al)ove  6  degrees,  and  thf»,  departure  varies  from  48. C  to 
61.9,  both  of  which  are  hi;;hly  improbable.  This  defect  of  the  rule  evidently 
arises  from  the  sudden  change  of  the  method  when  the  course  ia  near  S  or 
5  points ;  it  being  much  more  probalile  that  tiie  variations  take  place  by 
small  degrees,  in  such  manner  that  when  the  course  by  dead-reckoning  id 
exactly  on  the  meridian,  the  error  ought  to  be  in  tlie  distance,  and  when  the 
course  is  8  points  from  tlie  meridian,  the  error  ought  to  be  in  the  course,  and 
at  intermediate  courses  the  errors  in  distance  ought  to  be  greater,  the  nearer 
the  course  is  to  tlie  meridian,  and  the  errors  in  the  course  greater,  the  far- 
ther it  is  from  the.  meridian.  Both  tln'se  objects  ^ire  attained  in  a  very  sim- 
ple manner  in  the  method  proposed  by  the  ingenious  methcmatician.  Dr. 
Adrian,  late  Professor  of  Malhrmatics  and  Natural  Philosophy  in  Co- 
himbia  College,  New-York,  which  is  somewhat  similar  to  mv  method 
of  correcting  a  survey.  His  mclhod  consists  in  findinfr,  with  the  difference  of 
latitude  hy  observation,  and  the  dtpariurt  hi/  account,  the  corrected  course^  dis- 
tance., and  difference  of  lonfritudv  by  Case  IL  of  Middle  Latitude  or  Mercatofg 
Sailing,  so  that  no  correction  what^'ver  is  made  in  the  departure.  The  pro- 
priety of  this  metliod  will  appear  evidfrit  by  t>bser\'ing  that  a  change  in 
the  cieparture  can  have  no  tendency  whatever  in  correcting  an  error  in  the 
latitude,  and  there  can  be  no  reason  j^iven  wliy  such  chiinge  should  he  made 
to  the  eastward  rather  than  to  the  weiiitward,  since  it  is  supposed  that  all  the 
allowances  for  heave  of  the  sea,  idling  off  the  course,  variation,  error  of 
the  log,  kc.  have  been  previously  taken  into  tiie  calculation,  and  it  seems  to 
be  contrary  to  sound  reasoning  to  vary  any  of  the  elements  when  it  will  not 
serve  to  correct  the  known  error  of  the  latitude,  particularly  when  tiicro 
can  be  no  reason  given  why  the  change  should  be  made  in  one  direction 
rather  than  another.  In  addition  to  this,  the  pn»)>Ohed  method  is  not  Uahlo 
to  the  inconvenience  of  a  sudden  change  in  the  rules  when  the  course  is 
near  3  or  5  pr»ints.  It  has  also  another  advantage  with  respect  to  sinmji- 
city  of  c^'ilculation  arising  from  the  circumstance  that  the  corrected  dlfier- 
cnce  of  longitude  is  nearly  the  same  as  the  difference  of  longitude  by 
dead-reckoning.  For  the  departure  is  not  varied  by  the  rule,  and  the  mid- 
dle latitude  differs  rarely  more  than  a  fi-w  minutes  on  account  of  the  dif- 
ference between  the  latitude  by  observation  and  account,  so  that  in  keep- 
ing a  journal  it  will  not  be  necessary  to  make  any  change  in  the  longitude  by 
dead-reckoning,  even  if  you  have  not  had  an  observation  for  several  day*. 
To  illustrate  tliis  method  I  shall  give  the  following 

EXAMPLE. 

Yesterday  at  noon  we  were  in  the  latitude  of  rJ9^  IT/  N.  and  by  an  obser- 
vation at  noon  this  day  are  in  the  latitude  of  37°  48'  N.  our  deacl-reckoning 
gives  107  miles  southing  and  64  miles  westing.  Required  the  course,  dis- 
tance, and  diflTerence  of  longitude  ? 

With  the  difference  of  latitude  by  observation  00  miles  (the  difference  ftC 
57O  48'  and  SO^js')  and  the  departure  by  dead-reckoning  64  miles,  I  find  by 
Case  n.  of  Mid.  Lat.  Sailing,  the  course  nearly  .i5^,  and  the  distance  H^ 
miles ;  and  with  the  middle  latitude  by  observation  ;J8°  dS',  and  tlie  dcpAT*- 
ture  64  miles,  I  find  the  difference  of  longitude  t«i  be  C"-2  miles.     If  the  iiiiA- 
dle  latitude  by  dead-reckoning  38'^  41'  had  been  taken,  the  result  would  Im^-'^* 
been  nearly  the  same. 

If  you  have  not  had  an  observation  several  days,  and  then  find  an  erro'^-     V 
the  latitude  by  account,  you  mny  on  these  principles  i^rrect  the  latir^'*-^ 
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on  the  intermediate  days,  by  saying,  as  the  sum  of  alt  the  distances  sailed^ 
since  the  first  observation,  is  to  the  whole  error  in  the  latitude,  so  is  the  sum 
of  the  distances  saihd  from  the  time  of  takinfr  the  first  observation,  to  the  noon 
of  any  partkular  day,  to  the  corr*^ction  of  thi  latitude  hu  dead- reckoning  on  that 


by  observation  on  tlic  first  day  41^  0',  and  on  the  last  day  43^  15',  differing 
15  miles  from  the  latitude  by  account  ;  the  distances  sailed  by  the  Jo|^,  on 
the  three  d^iys  respectively,  3o,  90,  and  ICO  miles  ;  we  must  say,  as  the  whole 
sum  of  the  distances  ^2b  miles,  h  to  the  error  of  the  latitude  15  miles,  so  i» 
the  first  distance  SO,  to  the  correction  of  the  second  latitude  2',  and  so  is  the 
sum  of  30  and  90  (  =  I  -lO)  to  tho  correction  of  the  third  latitude  8',  so  that  the 
corrected  latitudes  will  he  4P  0',  tl  ^  30  +  2  =  41  -  3i',  44^  0'+8'=42C  8'  and 
43^  15',  and  the  corrected  diflere'ices  of  latitude  on  the  successive  days  wiil 
be  32',  36',  and  67',  with  which  and  t!ie  departure  by  deud-reckonin'g,  tin; 
corrected  courses,  distances.  &,c.  on  each  day  may  be  found,  if  thought  ne- 
ressary :  but  as  the  corrected  longitude  is  not  sensibly  altered  by  any  of  these 
corrections,  it  appears  to  be  in  grntral  wholly  unnecessarj*  to  "make  any  al- 
teration in  the  Journal  on  this  account.  But  if  it  be  thought  proper  to  notice 
these  corrections  in  plotting  off  the  track  of  a  ship,  it  will  be  necessary  first 
to  plot  off  the  courses  by  D.  R.  and  then  to  place  the  points  arrived  at,  at  the 
end  of  each  day,  as  much  to  the  north  or  south  of  the  places  by  D.  R.  as  will 
make  the  latitudes  of  those  points  agree  with  the  corrected  latitudes  found  by 
the  above  rule. 

The  latitude  and  longitude  by  dead-reckoning  being  fruiid  by  the  preced- 
ing methods ;  thence  may  be  determined  the  bearing  and  distance  of  thf 
place  of  destination ;  but  when  tlie  mnriner  is  fearful  that  his  longitude  by 
account  is  inaccurate,  and  lie  has  no  lunar  observations  to  correct  it,  he  must 
;;et  into  the  latitude  of  thi*  phu*e,  and  (if  pussible)  run  east  or  west  according; 
to  his  situation,  and  the  prevailing  slate  of  the  winds. 

We  have  now  ;:iv('n  all  the  ralrs  nrcr.-sarv  for  working  a  dav's  work  and 
for  the  convenience  of  tlie  Uiarner  (to  enable  him  to  refer  to  them  easily)  we 
have  here  collected  tiumi  in  the  seven  following  articles. 

Rults  fur  working  a  day's  irork. 

1.  Correct  the  several  ruurses  sailed*  for  variation  and  lee-way,  and  enter 
them  in  a  traverse  table,  and  opposite  to  each  course  place  the  distance  run 
on  that  course,  f^jund  by  sumnnig  up  the  knots  and  fathoms  sailed  by  thr 
iship  on  that  coiirrif.  Find  in  Table  I.  or  11.  the  difference  of  latitude  and  de- 
parture corre-jpoiidiiij:  to  earli  ronrsr  and  dirstance,  and  set  them  in  their  re- 
spective colimms  :  tin-n  the  (liflVn-ncr  between  the  sums  of  the  northings  and 
southings  will  be  the  difT-.-renee  of  latitude  made  good,  of  the  same  name 
with  the  greater:  and  the  «liffen*nce  between  the  sums  of  the  eastings  and 
westings  will  btr  the  departure  made  good,  of  the  same  name  with  the  great- 
er quantity. 

2.  Seek  in  Table  T.  or  II.  until  the  above  difference  of  latitude  and  depar- 
ture are  found  together  in  their  respective  columns:  opposite  to  these  will  be 
Ihf  distance  made  fj^ood,  and  at  the  top  or  bottom  of  the  page,  according  as 
the  departure  is  less  or  greater  than  liie  difference  of  latitude,  will  be  foumi 
^hp'  course. 

3.  If  the  latitude  from  which  the  siiip's  departure  is  taken,  or  yesterday's 
'•''titude,  be  of  the  same  name  a<  ttv  difference  of  hititude,  add  them  together  ; 

'^''t  if  of  diffi-rent  nam*  h.  t  ik*-  their  diff*  n-nce  :  the  sum  or  remainder  will  hr. 
tOfe  present  latitude,  of  the  same  name  as  the  i;r^'ater. 

i.  Find  the  middle  latitude  betwe.en  the  latitude  of  yesterday  and  this 


I'll*  frt  ami  drift  of  a  current  (if  iht^re  l>c  nny)  i<  t:i  be  rrrkonvil  ns  a  C'iiir;e  ami  <lis<anc«,  ami  on 
'Qrst  d<y  after  k»ing  i^i^ht  of  the  land  ihc  bc.uin^  aiid  uittancc  of  it  are  U)  be  token  into  aecouat. 


(^  I 


eCG  METHOD  OF  KEEPING  A  JOURNAL  AT  SEA. 

day.  ivliich  take  as  a  course  in  Table  II.  and  seek  for  the  departure  in  the  co- 
lumn of  Di(f.  Lat.  Ihenivill  the  distance  corresponding,  be  the  difference  of 
Inngiludo,  of  the  same  name  as  the  departure. 

Ti.  If  the  longitude  in  yesterday  he  of  the  same  name  as  the  difference  of 
longitude,  add  them  together :  but  if  of  different  names,  take  their  difi*ereDce ; 
the  sum  or  remainder  will  be  the  long,  in,  of  the  same  name  as  the  greater. 

6.  If  a  lunar  observation  were  taken  at  any  time  of  the  day,  you  must  Ami, 
b}'  the  above  method,  the  difference  of  longitude  made  since  taking  the  ob- 
i^ervation  for  regulating  the  watch,  and  thence  the  longitude  in  at  noon  by 
that  observation,  and  enter  it  in  the  Journal  as  the  longitude  by  observation. 

7.  Find  on  a  general  chart  the  spot  corresponding  to  the  latitude  and  lon- 
gitude by  observation,  and  that  place  will  represent  the  situation  of  the  ship, 
whence  the  bearing  and  distance  of  the  intended  port  may  be  found.  The 
FHme  may  be  obtained  by  middle  latitude  sailing,  by  inspection  of  Table  II. 
thus:  Find  the  middle  latitude  between  the  place  of  the  ship  and  the  pro- 
posed place,  and  seek  for  that  latitude  as  a  course  in  Tabic  II.  and  find  in  the 
corresponding  page  of  the  Table,  the  difference  of  longitude  (between  the  ship 
and  the  proposed  place)  in  the  dist^mce  column,  opposite  to  which,  in  tiie 
latitude  column,  will  be  the  departure.  Seek  in  Table  I.  for  this  departure 
and  the  difference  of  latitude  (bi.*tween  the  ship  and  the  proposed  place)  till 
they  are  found  to  agree,  corresponding  thereto  will  be  tne  oearing  and  dis- 
tance required.  If  tne  magnetic  bearing  be  required,  the  variation  must  be 
allowed  on  the  true  bearing ;  to  the  right  hand  if  the  variation  is  westerly,  or 
to  the  left  hand  if  easterly. 

We  shall  now  proceed  to  exemplify  the  above  rules ;  first  by  a  few  examo 
pies  of  separate  day's  work?,  and  then  by  a  Journal  from  Boston  to  Madeira, 
k«'pt  in  the  usual  form. 


METHOD  OF  KEEPING  A  JOURNAL  AT  SEA.  ii7 

EXAMPLE!. 
Yntnday,  at  noon,  we  were  in  the  latitude  of  -too  21'  N.  and  the  longiludn 
orM°S8'W.  and  hare  sailed  mi  this  day  at  noon,  as  per  log-boanl ;  requimi 
the  course  and  distance  made  good,  with  the  latitude  and  longitude  in  ? 


M»i-B<.*KD.                                                                                              ( 

H 

" 

V- 

Courses. 

LW|                    :^em«rk*.                      1 

s. 

« 

S.W.  by  W.  1  W. 

N. 

Tlicse    il  hours  moderate   gales 

■; 

i 

and  cloudy  weather. 

( 

^ 

At  4  P.  M.  spukeship  Washing 

* 

IC 

.' 

S.  W.  i  W. 

Cork." 

H 

! 

t 
4 

i 

4, 

At  i;  A.  M.  stoned  the  anchors  and 

1 

t( 

i 

•J 

then,  between  decks. 

ti 

4 

Variation  2:1  points  wesl^irly.* 

TRAVEa..:    r«Bi.t:.                   \ 

Courses. 

Dist. 

N. 

S.     E.  1  W.  1 

S.  W.  i  S. 

SSW.  i  W. 
SbyWiW 

43 

(99 
27 

ii.l 

37.3 
ISA 

DifT. 

Liil. 

tt.-3,4Dep.   53.5 

By  examining  the  log-board  it  ap- 
pears that  the  ship  goes  large  dnd  _ 
makes  no  lee-way ;  therefore  by  al- 
lowing the  Tariation  on  each  of  tl 
courses,  they  will  stand  as  in  tl 
adjoined  Trarerse  Table.  Then  the  g 
distances  marked  on  the  lug-board  g 
muat  be  lumined  up  and  doubled,  be- 
cause marked  only  for  every  two 
hours.f  In  allowing  for  the  knots,  - 
you  must  reckon  to  to  a  mile;  and  when  the  tenths  arc  above  &,  you  must. 
add  one  mile  to  the  diatancf:.  IlaviitK  found  the  distances  you  must  lind  th« 
corresponding  differences  of  latitude  and  dei)artiires,  in  Table  I.  or  II.  and 
then  with  the  whole  difference  of  latitude  and  departure.  Und  the  course  ami 
distance  made  gaod,  and  the  difference  of  longitude,  by  Case  11.  of  iniddlo 
latitude  sailing. 

In  the  present  example,  the  dHTcreucc  of  latitude  is  !)3'=  lO  33'  S. 

Yesterday's  latitude Ill    ai  N. 

The  difference  is  the  latiluduiii  in    4a  N, 

Sum  of  latitudes 9j       « 

Middle  latitude 47    iSt 

With  the  difference  of  latitude  made  good  ».S.  t  S.  and  the  departure  iS-fr 
^iV,  I  enter  Table  II.  and  find  they  correspond  nearly  to  a  course  of  S.  30  '■> 
'VV-,  and  distance  103  miles.  Then  with  the  middle  latitude  47^  51' or  48°,  I 
»~*^ter  Table  II.  and  find  the  departure  5.S.5  in  the  kt.  column,  opwisite  to 
«*-»iich,  in  the  distance  column,  isthcdiff.  of  lone.  SO'  =  1°  «0'  W. 
Longitude  left 38     2C  IV. 

Sum  is  the  longitude  in .17     48  W. 


-f-  IB  liHllii  njun  h  It  eoitB 


eu 


METHOD  OF  KECFING  A.  JOURNAL  AT  SE 


EXAMPLE  II. 
Yesterday  at  noon  we  were  in  the  latitude  of  35<'  48'  N.  and  I 
of  17°  *r  W.  and  huvR  nailed  till  Ihis  noon  as  (Kr  log-hoard  : 
Jatitudeand  longitude  in,  and  the  hcuringand  distance  of  Cape  i 


LOa-HOAKn. 

HH. 

F 

Combes. 

Winds. 

LW 

Hi-raarks. 

1  e 

8.byE.iE, 

EL  VV.  i  W. 

"i 

ThfP.-    il   Iwilrs    nioi 

2    S 

Hud  cteaf  weather. 

s  b 

4    3 

S    i 

6    1 

8  a 

i3  ' 

S.B.E. 

S.  W. 

u 

H' 

li 

1 

Al  8  A.   M.   saw  a  sh 

s 

ward,  slecringCBBt. 

1  : 

S    5 

i. 

S.S.E.4E. 

5.W.bjS.iW 

li 

4    5 

& 

a   b 

5 

6  a 

i 

8    t 

I 

9    S 

6 

S.  E.  hy  S. 

S.  W.  by  S. 

ti 

10  6 

11  i> 

e 

II    » 

4                       1 

Variation  )  point  ea«l 

Tlw  courau  being  correeteil  for  iRc-ivaj 
■lid  Tarislion,  and  the  distunces  ■umnied  up 
(but  not  doubled  since  the  log-boHrdiamafk- 
fi  for  evCTj  hour)  will  utand  as  in  Ihe  »d- 
joincd  TmcTH  Tuble.  Hence  Ihe  .lirltr- 
eiicG  of  latitude  made  good  is  105.4  S.  nnd 
tbe  dcpMlure   81.7    E.   conscquenlly   ibi 


~~ —^ 

R*"^t 

RSK 

flal 

(■<MIM.'S. 

S.S.K1K 
S.  K.  ■!  S 
S.  E.  !  S 
S.  E.  1  E 

Dist 

HI 
SI 
33 

N. 

S. 

n. 
u. 

Dill'  I.;.t,  in:,. 

With  the  middle  latitude  3 
and  Ihe  depiriiire  81.7,  ihe  i 
found  to  Ic   KHJ   niile»=: 

l.OBgiliide  kft  1 


To  fnd  tkt  liearing  and  diilnticr  of  Cape  St.  flnetnl*. 
I^atiludein  M^     I'N,        Mcr.  parti    3173        Lone  in 

CSLVincenf-Ul.  37      IN.        Mer,  j.art*    s:m        C  sf.  Vin.  Ion. 

Diff.  of  Ul.  3      0=180'   Mct.  diJT.  iat-ln        Dilf.  Ion-. 

BV    1.0GAniT)IMS. 

As  Bier.  diT.  ht.  »l        log.  a.M.139  As  radius  45^ 

Is  to  radius        45°  I  U.WHmo  Is  to  prop.  rtilT.  iat.     190 

So  is  dur  long.         420    log.  8.M325  80  is  .ernnt  course  68^1.'^' 


120    log.  i!6J325|8oi9 

,  - -„ -    =15'  lO.MSSftlToU; 

Heac«  llu  fteuin^  of  Cafe  St.  Vinnnta  is  N. 


JOURNAL  OF  A  VOTAGE 


WindB.  LW.Kt^marka  un  board,  Friday,  March  26,  Ite - 


Fri'ali  gaits  and  plea 


n  ohsurvrd  the  allitudp  ol 
sun's  loner  limb   Iwaring 


Laliludc  liy  oliptTVation 


43  K* 


S80OI5'E 


N. 


N. 


The  TariAtion  beinj;  allowTd  <in 
each  courM,  and  the  dislanctrs  xum- 
med  up,  they  will  stand  as  iji  thu  ad- 
joining tmvcrse  talile:  from  ht-nct', 
by  means  iifTablft  I.  I  And  the  dif- 
ference of  iHlilude  37,0,  and  tliedc- 
pnrture  100,0,  nhioh  corn>s(>nnds 
Jlie  rours<'  S.  »0^  I 
lanru  tGimiU-!i. 

Ynlmlv*'  InliliKic 

MIT  of  imiuiih- 


an^ii  th<^ 


Coun-eii.  [Dist.l     N. 


E.  i  S. 
E.  I  S.  ' 
E.S.E.ilE. 


LaliCude 
funehal't 

Diir.  of  IbI. 


To  find  Ike  btaring  and  ditlanct  of  Funrhat. 
41  -  43'  N.  Mer.  portu    ST.iS  l.onf:itu(Ie  i 

3a    3B  N.  Mcr.  parts    2073  "      '   "   ' 


w  or  ki^iadr, 
64°  M"  W. 


JOURNAL  OF  A  VOYAGE 


lUmarka  III)  Ituard.  Sunday,  Mar.ZB,  18C4. 


At  4  A.  M.  .spiikt  the  ship  Franklin,  froiB 
Fliiladflplna,  bound  to  Lisbon. 


hoan,  obitcrvi'd  mer.  a 
i'»  L.  L. 
Add  for  •Htmi- diameter,  Sec. 


le.    i  Dist. 

;9E'  158 


n  i  pointa  wealcrly. 


9.  I   E.  ]     N.^l    1^    E.    I     W.     |FunchaIS.7907'E.| 
10a|   93  139°   4l;31l'^    1'  9P    i'  5B0  U'!distanPetl)45milfsl 


iS.  K.  \  E. 
is.  E.  .1  P. 

is.s.e.;e. 


D.Lal 


8^.3  Del 


allowed  I 
sliind  HR  ill  thp  adjoined  traTerac  ta- 
I  with  the  difference  of 
latitude  niid  deiiarture  the  course  is 
found  to  he  S.  42°  29'  E.  and  the 
.9S  miles. 


leiuiirday'iiliititlide  JOO^e'N,,     Willi  tlic  middle  lat.  :19°  55'  or -10= 

DiirerenreiiriaIitudelO£'=   ]     4i    S- as  u  course,  and  tlie  dep.  SS.S,  taken 
■  ■  jag  diSercnce  of  latitude,  the  dilT   of 

Latitude  ill  ia      4  N.:loni:.isfoundtohf>12Sniil«s=  Z^  fE- 

Sum  of  latitudi's  70    50       lYesterday's  longitude  80  1*W. 

Middle  latitude  aa    35        ;L<inptude  in  58  llW. 

The  course  made  good  oach  day  is  marked  in  the  journal  to  degrees  u^ 
minutes,  as  it  was  i'ali.-ulated  liy  logarillims ;  but  for  practical  purposes,  it  v^^ 
sufficiently  exact  lo  And  it  li>  the  nearest  degree  by  means  of  Table  D.        ^'S 
3\>  Jind  the  bearing  and  dittaitct  of  Fimehal. 
Ry  Ca»e  1.  Middle  Latitude  Sailing. 
Latitude  in  ait<>    4'  N.  Longitude  in 

Funchal's  latitude  32    311  N.  Funchal's  longitude 

Difference  of  lat.    G    i6ti3B6  miles.         Difference  of  long. 

Sum  of  latitudes  71    43 

.Middle  latitude      35    51  In  )uil 

With  tbc  Biiddle  latitude  35'^  51'  or  36°  ai  ■  eoane,  and  the  diflercDM 
|!47B  u  a  dutance,  I  calculate  the  departure ;  wiHi  thai  and  the  difleresce 
I  findOiedisiance  and  course,  bj  CikI.  of  Middle  Utitude  Sailiny. 


58°  l- 


JOPRNAL  OF  A  VOYAGE 


Winds. 

N.NE. 


Lsy  to,  npS.E-by  E. 

uff  S.  E.  by  S.  Drift  li 

miles  per  hour. 

qp8.  offS.  W.  Drift!  5 
'i  milea  per  hour.    I 


E.  byN.SKhyS'  li 


Remarks  on  board.  Tuewiay.  Mar.  90. 18Mi 


Atfi  A.M.  sel  thetDi"i 


Lat.by    Diff.  iLoDg. 

"'        Long,     in. 


i)^  38']; 


o.=!.i' 


TRAVtKSi;     TABI-H.                        | 

Courses. 

Bist. 

N. 

s. 

E. 

W. 

E.  S.  E. 

IS 

4.(1 

11.1 

South. 

(1 

fi.O 

W.  S.W 

B 

«..S 

5.S 

N.E.iE. 

ai 

ao.3 

84.7 

10.3 

lit.it 

flS.H 

S.S 

i2.y 

5.& 

D.  Lat.    7.4 

Dpp.  30.9 

I.atitude  in 
Sum  of  latitudes 
Middle  latitude 


T:ikiTig  the  middle  points,  (vis.  S.  E. 

Find  S.  S.W.)  between  thepwatto  which 

the  Bhip  comes  to  and  falls  off,  u  tauf;ht 

'    tlic  rulcB  of  lying  to,  and  then  aUowing 

before  for  the  Tariation  and  le»-way, 

e  traverse  table  nitl  stand  aa  adjoined. 

With  the  difference  of  latitude  and  de- 

irlure  the  coune  is  found  to  be  N. 

7(!°  1  r  E.  and  the  diaUnoe  SI  miles. 

With  the  middle Ut.  S7051'  {otatP\ 
la  a  course,  and  the  departure  SO.SWM 
19  difference  of  latitude,  I  And  tbedif- 


'  ference  of  longitude  to  be     0°  Si'  E- 

Yesterday's  longitude      58 ItW. 

Longitude  in  K     S4  W. 

To  find  thx  btaring  and  dittanix  of  Funehal. 
Latitude  in  37°  as'  N.  Longitude  in 

Funchal's  latitude  32    38  N.  Funchal's  longitude 

Diff.  of  latitude      5    17=317  miles.     Diff.  of  longitude 
Sum  of  latitudes  70    33 
Middle  jaUtude    Si    16  I„  ,„jl^ 

With  the  middle  latitude  35°  16'  and  the  difference  of  toneitude  S440,  the 
departure'is  found  to  be  1991;  with  that  and  the  difference  of  lititud«SI7,  the 
beuing  of  Funcfaal  is  found  to  be  S-  80<>  ii'  E.  and  the  diaUnce  ZOIT  B^h*. 


FROM  BOSTON  TO  UADEUU- 


k: 

w 

Cooraes. 

Winds 

LW 

RemarttB  od  board.  Wed  nestlay,Mai.3 1,1 824. 

s 

E.  S.  E. 

South 

1 

Pleasant  gales  and  Tair  weather. 

s 

5 

3 

5 

4 

5 

5    5 

6 

fl   5 

6 

J 

& 

4 

8 

S 

4 

9 

a 

a 

10 

a 

EbySiS 

S.  IE. 

i 

11 

« 

If 

« 

I 

7 

S 

7 

s 

7 

1 

4 

7 

5 

7 

fl 

7 

. 

3 

7 

la 

7 

IX 

t 

Courie.  Dist-j^- 

O^PJW 

Lal-bj 

Ob8. 

DiflT 
Loop 

Long,  in.!  Bearing  and  Diet. 

East,     l&l 

E.  '     N. 

151  !37  J  5  j 

E.    j      W.      1  FimrhalS.  30^  i»' 1 
-t=  ir'  54=  d3'      E.disl.lseSmiWs, 

ippean  t 


Ttw  *kriatioo  and  lee-way  being  allowed  on  both  c( 
rite  ditp  haa  made  n  due  east  course,  the  distance  sai 
doMituie,  and  the  difference  of  longitude  is  Tound  by  Caie  II.  of  Parallel 
SaWBS-  Hw  latitude  in  is  the  same  as  yesterday's  lat.  37°  Sd'  N.  Taldns 
tlliaaa  aconrae^  and  the  departure  151  as  difference  of  latitude,  the  dntanc* 
triiich  corropoiids  is  the  difference  of  longitude,  l»l  iuiles=  5'^  II'  E. 

Yesterday's  longitude  57    34  W. 

Longitude  in  51    33  W. 

To  fnd  the  btaruig  and  ditlmce  of  Ftouhcl. 


373    ; 


i'N. 


Longitude  in 
Funcbal's  long. 


FuBckal's  ht.  ii    9S  N. 

fiiC  oflatitude  5     17=  3tT  miles.  Diff.  of  long. 

Sum  of  latitudes      70    S3 


35 


Heoceby  case  I.  of  Middle  Latitude  Sailing,  the  departure  is  found  to  be 
ASSSmilca,  the  bearing  of  Funchal  S.  80°  IS'E.and  thedisUucc  ISCSinilet. 


FROM  BOSTON  TO  MADEIRA. 


£39 


.  S.  E.  South 


Winds 


Cj«  d»  tt. 


rw 


Remarks  on  board,  Friday,  April  2, 1844. 


S.W. 


0 


Fresh  gales,  with  rain. 


5 
5 

l\ 


Saw  a  ship  to  the  southward. 

This  day  took  a  lunar  observation,  by  mea- 
suring the  distance  of  the  moon  from  tnestar 
Pollux,  the  longitude  at  nooo,  deduced  from 
this  observation,  was  45^  50'  W. 


Variation  1  point  westerly. 


irse. 


56^ 


Dist 


fOf 


Diff. 
Lat. 


S. 
95 


Dep. 


Lat.  by 
D.    R. 


Lat.by 
Obs. 


E.  I    N. 
199|560  55l 


Diff. 
Long 


E. 

409' 


Long.  in. 


W. 

450  59' 


Bearing  k  Dist. 


Funcbal  S.  19Pb(/E. 
dist.  1456  miles. 


T&ATERSE   TABLE. 


s. 


Distl    N. 


4f 


r  S.II6O 


S. 


4.1 
.SI. 2 


D.Lat.  35.. S 


E. 


41.8 
156.9 


W. 


198.7  Dep. 


The  lee- way  and  variation  being 
allowed  on  the  courses,  the  traverse 
table  will  be  as  here  given;  hence 
the  course  was  S.  79^  56'  E.  and  the 
distance  20£  miles. 


■day's  latitude 
ence  of  latitude 

de  in 

»f  latitudes 

e  latitude 


37"^  30'   N. 
35 


36     55    N. 
74     25 
.37     12 


With  the  middle  lat.  37^  U'  and  the 
dep.  1 98.7,  the  difference  of  longitude 
is  found  to  be  249  miles=:  4^     Q'   E. 

Yesterday's  longitude     50       8  W. 


Longitude  in 


45     09  W. 


To  find  the  bearing  and  distance  of  Funchal, 


de  in  86^  55'  N. 

al's  latitude  32    38  N. 


f  latitude 


4     17=257  m. 


Longitude  in 
FunchaPs  longitud«i 


Diff.  of  longitude 


450  59'  W. 
16    54  W. 


29 
60 


5 


»f  latitudes     69    33 
s  latitude        34    46 


In  miles 


1745 


ice  by  Case  I.  of  Middle  Latitude  Sailing,  the  bearing  of  Funchal  is 
to  be  S.  79^  50'  E.  and  its  distance  1456  miles. 


JOURNAL  OF  A  VOTA6E 


Couraes 

E.~srE. 


Winds, 
WestT 


Remarks  on   board.  Saturday.  Aprii  3,  »l4i 


Fresh  galea   and  rain;  weather ;   tatter  pul 

A  *;reat  swell  from  the  N.  E.  for  which  I 

0  miles. 


Sun's  declination 
Latitude  observed 


Variation  li  point  w 


Lat.byl  Dilf- 
Obs^  Long. 


Long,  ini  Bearing  and  Diit- 


4.6 


Pep,  e  1 3.0 


^3V 

In  this  day's  wort  the  Bitell  is  consi- 
dered as  a  current  wttipe  the  ship  ^ 
miles  per  day  ;  and  unce  the  awelff 
comes  from  the  N.  E.  itmuataettbc^ 
ship  S.  W.and  allowingthe  variations — 
S.W.)W.  9miles,theseareplacedas».^ 
course  and  distance  In  the  traTerse  taMr-- 
With  the  difference  of  latitude  an& 
^parture  the  course  is  found  to  be  S— 
|0 12'  E 


79°  S3'  E.  and  the  distance  XI7  nulM. 

With  the  middlf  tat.  9S<^36',and  the 
dep.  S13  miles,  the  diff.  of  long,  is 
found  165  mileB=  4'^  S6'  E.  Latitude  in  36     L&  N. 

Yesterday's  long,      ii    58  W. 

Longitude  in  41     34  W. 

711  ^nd  tht  btaring  md  dutanct  of  Fanckel. 
Latitude  in                    86°  17'  N.               Longitude  in 
Funchal's  latitude         Si     3a    N.               Funchal's  longitude 
Difference  of  latitude     3     39=218  m.       Diff.  of  Long. 
Sum  of  Latitudes        ss     aa 
Middle  latitude  34     S7  In  miles  

Hence  by  Case  I.  Middle  Latitude  Sailing,  the  bearing  of  Punchal  is  fouo*' 
tu  he  S.  79^  50'E-and  its  distance  1340 miles. 

TofinA  tht  btarvtg  on  J  diilanet  of  Faaehal  by  JVtrcator'i  Chart, 

tliiloi   piirkBl  OITlbB  fittc  drib*  ALp  ai  imon.  my  «  rulrr  from  tbal  pMnI ■    "     -  "      -*— 

iwrnl  <lul»ii«  betuwi,  ihf  emlre  of  Ihp  a>iii|iaa  iinil  (he  rultr ;  tbn  lUile  aw 
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Courses 

Wi-ds 

LW  Remarks   on  hoarJ.  Sunday,  April  4.   iSaiJ 

E.S.E. 

N.E. 

1 

Kirat  part  fn-eh  gales;  Intler  pari  more  mo- 

s 

H 

lerate,  a  henry  aen  runnii^. 

1 

4 

5 
R 

S 

Mer.alt.  sun's luwir limb                     81°  S* 

7 

4 

S.  E. 

E.N.E 

i 

, 

Siin'9  correct  alliUid«                            61   15 

1 

( 

Subtract  from                                          90  00 

H 

p 

h 

i8-byE. 

E.byS. 

11 

Sun's  declination                                      5  50  N- 

Latitude  observed                              Hi  Si  N. 

£• 

; 

8.byE. 

il 

»■ 

B 

» 

l' 

m 

h 

Variiilinn  U  poinla  westerlv- 

C3oune.  |lH«L 

ffl».p-' 

Sl'-Si' 

w'lri""™^  ""■">"■ 

3-  37O45'E|i04 

9.  1  E. 

B£  1   64    3 

N.    1     K. 

E.        W.    iFunfhalS.  B40  1T 
10  18' 40°  le'lE.  disl.  n74railp5 

TKAVERSB    TABLE. 

c^~~- 

Diit. 

N. 

S. 

E. 

W. 

e.  S.E..E. 

SO 
8 
18 

S3 

13.5 
13.4 

7.S 
15.7 
3i.O 

S7.- 
14, B 
3.4 
3.1 

4.B 

63.8 

Diff 

I,at. 

■  ^rterday"*  latitude 
■-Mlilude  Ed  by  olis. 

^«*morhtittMlea 
"kddlehtitude 


35    aa 


The  coursea  beini^  corrected 
for  lee-tray  and  variation,  will 
stand  as  in  the  adjoined  traversn 
table. 

Then  with  the  difference  of  lat- 
itude 81.4  &,  the  departure  63.G, 
I  And  the  course  S.  37°  45'  E. 

Yesterday's  latitude  SfiOlT'X. 

Differenceoflatitude  1    Si' S. 

Lat.  by  account  34  55  N. 
With  the  dep.  6S.8  milea.  and  the 
Dtd.  lat.  35°SG ,  1  find  the  diff.  of  long. 


Longitude  in 
Tojiad  tilt  hearing  and  dulance  of  FvaichaU 
SlOSS'N.  Lon^tudein 

Funchal's  longitude 


S^titude  in 

■•  Woehars  latitude  Si  38  N. 

jfiilE  of  latitude      1  57=117  miles. 

"Viddlehtitudc      33  36 


DiC  of  longitude 


InmUes    "02 
Hence  bj  Case  I.  Middle  Lai  itude  Sailing,  the  bearing  of  Funehal  is  found 
*^be  S.  840 \r  E. and ita  djstooce  IIH miles. 


JOUfiNAL  OF  A,  TOTAGK 


H.K.K.  Courses,  w: 


L  W  Keinorka  on  board,  Mondiiy,  April  5,  tau. 


FirsI  part  of  these  24  hours  small  brecn 
and  calm;  ]Rtl<r  part  fresh  gales. 

At  4  P.  M.  got  out  the  boat  and  tri«<}  tl 
currt-nt :  found  it  running  E.  1  mile  p 
hour,  and  suppose  the  ship  haa  been  io  u 
current  these  f4  hours. 


Observed  latitude 


Variation  U  point  westerly. 


■o;;?S.r'?n.''i'«"*s  »•"»■'- 


W-    Punchal  S  a4°9a' >! 
jO  21'  jO  1'  jaiio  1  s'ldistance  1073  mil&g 


TR*  VERSE   TABLE. 

Courses. 

Dis^ 

N. 

8. 

E. 

w. 

S.  E.  i  E 

10 

6.1 

7.4 

E.  jS. 

7» 

IO.f 

K«.1 

i:.N.E.|E 

44 

S.f 

as..' 

11.  p. 

5.8 

IT.« 

nn.f 

5.S 

Diff.Lat  11.S 

In  addition  to  the  eeoraM  lul' 
ed,  I  also  allow  14  mifes  tot  4«^ 
set  of  the  current  in  the  diractiivn 
of  east  per  compass,  or  E.  N.  E- 
i  E.  true  course. 


With  the  diflerence  of  latitude  1 1 .3 
and  the  departure  99.9,  the  course  if 
found  to  he  5.  SA°  36'  E.  and  the  dis- 
tance nearly  101  miles. 
Yesterday's  latitude  Si°  35'  N. 

Difference  of  latitude  0    11  S- 

E<atitude  in  by  account  34     24  N. 


With  the  middle  lat.  34°  W,  and 
the  dep.  99.9,  I  find  the  dtff.  of  \oog- 
to  be  131  n:iiie3=  t"    1'  £• 

Yesterday's  longitude  40     IS  VT- 


To  fnd  the  beariag  and  ditlanct  ojf  Fiaiehul. 
Longitude  in 
Funchal's  longitude 

Difference  of  long. 


Middle  latitude      33    30  nearly.  In  miles  U8,l 

Hence  by  Case  1.  of  Middle  Latitude  Sailing,  the  bearing  of 
found  to  be  S.  84°  SO*  E.  and  its  distance  t07.i  '^••" 
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fi*  S»  £• 


Windfl 


North. 


I-WI 


Remarks  on  board,  Tuesday,  April  6,  1824. 


Fioe  fresh  gales  and  clear  weather. 


Mer.  alt.  sun's  lower  limb 
CorreGtion  for  dip,  &lc. 

Sun*8  correct  altitude 
Subtract  from 

Sun's  zenith  distance 
Sun's  declination 

Observed  laiitud«.* 


620  35' 
0     12 


62 
90 

47 
00 

27 
6 

13  N. 
35  N. 

33     48  N. 


se 


3. 


Dist. 


216 


Diff. 
Lat 

8. 
32 


««plW 


Variation  per  Amp.  1  \  point  westerly. 


E.  I    N. 


Ldt.by 
Obs. 


N. 
330  48' 


Diff. 
Long. 


E. 

40  18' 


Long.  in. 


W. 

330  57' 


Bearing  and  Dist. 


FunchalS.  85^  19" 
E.  dist.  859  miles. 


i  course  corrected  for  variation  is  E.  |  S.  distance  216  miles;  henci^ 
ffereoce  of  latitude  is  31.7,  and  tlie  departure  213.7  miles. 

Yesterday's  latitude  3  P  21'  N. 

Difference  of  latitude  32  S. 


Latitude  in 

Sum  of  latitudes  by  obs. 

Middle  latitude 


33  48  N. 
68       9 

34  4 


h  the  middle  latitude  3i^  4',  and  the  departure  213.7  miles,  I  find  tlie 
Dce  of  longitude  to  be;258  miles=  4^  18'  E. 

Yesterday 's  longitude  38     1 5  W. 


Longitude  in 


33    57  W- 


To  find  the  bearing  and  distance  of  Funchal. 


dein 
al's  lat 


330  48'  N. 
32     38  N. 


Longitude  in 
Funchal's  long. 


f  latitude 
»f  latitudes 
s  latitude 


330  57' W, 
16     54  W. 


1     10=70  miles.       Diff.  of  long. 
66     26 
83     13 

In  miles 

ice  tlie  bearing  of  Funchal  is  found  to  be  S.  85^  19'  £.  and  its  distance 
ties. 


17       3  W. 

60 

1023 


U*  JOURNAL  OF  A  VOYAGE 

y"  K  F.  Courses.  Winda.LW.  Keraarka  on  hoiird,  Wedpeaday.  Ap.  7,  18!*. 


ind  pleasant  weather. 


At  4  P-  M.  took  H  lunar  obserration  by 
measuring  the  distance:  of  the  moon  from 
Oie  sun;  the  longitude  reduced  to  noon  by 
the  log,  wa3  2»o  39'  W- 


Variation  per  azimuth  14  poiot  wMttriy-\ 


*.■■» 
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Courses.  IDist 

N. 

s. 

h). 

«■. 

E-iS. 

E.  by  S. 

60 

5.9 

3S.£ 

5a.7 

147.1 

Lalitudi 

8un]  of  latitudes 

IMiddlc  latitude 


the  adjoined  traFcrse  tMt,  th^^ 
difference  of  latitude  is  35.1,  and  th^^ 
departure  306. S  ;  hence  the  c«un^^ 
was  S.  80°  SO'  E.  and  the  d 
£09.8,  or  £10  miles. 


33=  48'  N.  With  the  middle  latitude  SS^  30^ 

Sa'  S.  andthedeparturea06.8,iniidthedi& 

of  long.  3iB  mUea,  or           4^    8'E— 

by  account      35    13'  N.  Yesterday's  longitude        33    57  VT' 


33    30        Longitude  in 


DifT.  of  latitude 
Sum  of  latitudes 
Middle  latitude 


To  find  the  bearing  and  ditUmce  of  FuiKhal. 
33'J  13'  N.    Longitude  in 
lido  34    38  N.    Funchal's  longitude 

85  Diff.  of  longitude 
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First   part   fresh   galea   and   clear. 
part  rainy  wtalber. 


Variation  Ij  point  weirteriy. 


Long.  in.  Bearing  and  Dist. 


E.TF.KS.T,«,,K. 

Diil. 

"■ 

S. 

r,.  '  w. 

0 
0 
0 

Diff. 

SS.T 

UA 

50.0 

25.7 
Lai. 

41.4 

25.7 

18.7 

170.7  Dep. 

lecwav  and  Tariation  beinE 
allowed  on  the  courses,  tbe;  ni^ 
st:ind  as  in  the  adjoined  traverse  ta- 
^le  ;  then  with  the  difierence  of  la- 
.^lude  IS.T,  and  the  dcputure  170.7. 
the  course  is  found  to  be  S.  BS^^  15' 
E.  and  the  distance  ITS  miles. 


3dOlS'N.  With  the  middle  latSS©  faodtfae 

10  S.  dep.  IT0.7, 1  Ittd  the  diff.  oflonK.  is 

nearly  «04  iniles=              9°  t*  E. 

33    51  N.  Yesterday's  longitude    19    49  W. 


ititiide 


Longitude  i 
8^    3C  N.     Funcbal's  longitude 


tude  16  Diff.  of  longitude 

tudea  65     3£ 

iide  3S    46 

bMriog  of  Fiucbal  i»  found  t«  be  8.  86°  5^  E.  at 
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F 

Courses.  jWindi. 

LW 

Itvmarks   on  lioard,   Friday.  April  9,   IBM 

l( 
l< 

IS 

9 

5 
5 

b 

E.  l.y  S. 

Soulb. 

Fine  breezes,  with  variable  weather, 

Mtr.  alt.  sun's  lower  limb             e4°  Saf 
Correction  for  dip.  tc.                  o     I* 

Subtract  from                                   UO     00 

Sun's  Keiiilli  distance                   25     15  N. 
Sun'a  detlinatiou                               7     41  N. 

Obflervedlalitudp                            32     &6  H. 
Vririalinn  ^^  point  ncsUrly. 

Course 

E 

Dist. 

Uiff. 
Lat. 

D.-p. 

Lat.by 
D.R. 

0!.3. 

Long. 

Long.  ir,. 

Beanng  Hnd  DtM. 

N«90l2 

:., 

N. 

3 

E. 

N. 
51°  ^7 

N. 
5i9  be. 

E. 

W. 

22°  15' 

FuaclwI,S.86>=ll'E, 
lidUM   3T0    mitu. 

The  Viiriution  being  allowed  on  the 
oursea,  they  nill  stand Hsin  theadjoin- 
:d  table  ;  then  with  the  diflerence  of  la- 
titude X.8,  »nd  the  departure  S0&.&,  the 
Surs«  is  found  to  heN.  S9°  IX' E-  and 
e  distance  210  miles  nearly. 


Jiatittide  by  account 


With  the  middle  lat.  SS°  iV,  and 
the  dep.  209.5,  the  dUT.  or  long.ii 
found  250  miles=  4°  IVE. 

Yesterday's  longitude 


Longitude  in 
l\i  find  tht  beariiig  and  dialtmct  a/  Funchal. 
SaP  Se'N.     Longittideii 


26    SAW. 

Si    15  W. 


DifTerence  of  latitude 
Sum  of  latitudes 
Middle  htitude 


Funchal's  longitude 
Difference  of  longitude 


(  24p  ) 

EXPLANATION   OF   g^EA   TERMS. 


•i&fCA'.    The  situation  of  the  sails,  wJicn  their  surfaces  arc  pressed  all  agttiint  tEb 
mast  by  the  foixe  of  the  wind. 

•Ibafl  tr  aJL    The  steromost  nart  of  the  ship ;  Carry  aft  any  thing;  that  is,  carry  to- 
wards the  stern.     The  mast  rakes  aft:  that  is,  hangs  towards  the  stern.    Hew  dUtr  ye 
Jare  andmft  7  that  is,  how  fares  all  the  ship's  company  ? 

•9iff/k  the  Beam,  denotes  the  relative  situation  of  any  ot^ect  with  the  ship,  when  the  ob- 
ject is  placed  in  any  part  of  that  arch  of  the  horizon,  which  is  contained  between  a 
line  at  right  angles  with  the  keel,  and  that  point  of  the  compass  which  is  directly  opfto- 
site  to  the  ship's  course.     Sec  Bearing. 

•Ihomrd,  Thie  inside  of  a  ship.  Aboard  Main  Tack  .'  The  order  to  draw  the  lower  .df^rfict, 
of  the  mainsail  down  to  the  chestrce. 

•I6oul.    The  situation  of  a  ship  as  soon  as  she  has  tacked  or  changed  her  course. 

^boui  ship !  the  order  to  the  ship's  crew  to  prepare  for  tacking. 

•  Ibreast.  The  situation  of  two  or  more  ships  lying  with  their  sides  parallel,  and  tStit 
heads  ei|aaUy  advanced  ;  in  which  case  they  are  abreast  of  each  other. 

m.iiiriJL  llie  state  of  a  ship  broken  from  her  moorings,  and  driving  about  without  an- 
tral. 

mfflottL    Buoyed  up  by  the  water  from  the  ground. 

Jifore,  AU  that  part  of  a  ship  which  lies  forward  or  near  the  stem.  It  also  si^ni&es 
further  forward. 

•9fter»  A  |»hra8e  applied  to  any  object  in  tho  hinder  part  of  the  ship,  as  the  alter-htdCh- 
way,  the  aflei^sails,  &c.  '^ 

^grmmd.    The  situation  of  a  ship  when  her  bottom  or  any  part  of  it  rests  on  the  gfouifi}. 

•i'hemJL  Anj  thing  which  is  situated  on  that  point  of  the  compass  to  which  a  ship*!  stem 
Is  directed,  is  said  to  be  ahead  of  her.     Sec  Bearing. 

•1'kMdL  The  dtuatton  of  a  ship  when  all  her  sails  are  furled  and  her  helm  is  lathed  to 
the  lee  ti^  ;  by  which  she  lies  nearly  with  her  side  to  the  wind  and  sea,  her  held  Hfe- 
tog  somewhat  inclined  to  tlie  direction  of  the  wind. 

^l-iee.    The  position  of  the  helm  wheu  it  is  put  down  to  the  lee  side. 
»'iU  in  the  winu.    The  state  of  a  ship's  »ails,  when  they  are  parallel  to  the  dicection  of  flft, 
w ind,  so  as  to  tbekio  or  shiver.  ^ 

»W>-/^— its  afcgy  f  The  call  by  which  all  the  ship's  company  are  summoned  upon  dec^ 
^iU^»    Up  in  the  tops,  at  the  mast  heads,  or  any  where  about  the  higher  rigging. 
•^lamg^^JL    Side  by  side,  or  joined  to  a  ship,  wharf,  &c. 
•'llong-^kan.    Along  the  coast ;  a  course  which  is  in  sight  of  the  shore,  and  nearly  pa« 

rmlleltoit. 
•"UeqfiM  dJitiBCf.    Keep  aloof,  that  is,  keep  at  a  distance. 

•  ioMUR.    The  old  term  for  yield,  used  by  a  man  of  war  to  an  enemy  ;  but  it  now  sigrii- 

fies  aay  thing  done  suddenly,  or  at  once,  by  a  number  of  men* 
•Imidships,    The  middle  of  a  ship,  either  with  regard  to  her  length  or  breadth. 
m-inehar.    The  instnunent  by  which  a  ship  is  held.     The  anchor  is  fold ;  that  is,  the  caDIt 

has  got  aboot  the  Mke  of  the  anchor.     The  anchor  is  a-ptak;  that  is,  directly  md^r 

the  hawse-hole  of  the  ship.     The  ancftor  is  acock  bill;  that  is,  hangs  up  and  down  fife 

ship's  side. 
*.7n^nd.    The  position  of  any  mast,  &c.  when  erected  perpendicularly  on  the  dftic* 

The  top-masts  are  said  to  be  an  end,  wlien  they  are  hoisted  up  to  their  usual  station. ' 

•  ^-pesJt,     Perpendicular  to  the  anchor  *,  the  cable  having  been  drawn  so  tight  as  tp  bijng 

the  ship  directly  over  it.    The  anchor  is'  then  i<aid  to  be  a-pcak. 
« lihore.    On  the  shore,  as  opposed  to  aboard.     It  also  means  aground. 
^'Jttem,    Any  distance  behind  a  ship,  as  opposed  to  ahead.    See  Bearing. 
« -ft  .^neker.    The  situation  of  a  ship  riding  by  her  anchor. 

•  ItkwarL    Across  the  line  of  a  ship's  coursel    Aikwari  Hawse;  the  situation  of  a  ship 

whsn  driven  by  accident  across  the  fore  part  of  another ;  whether  they  touch,  or  ate 
at  a  small  distance  from  each  other,  the  trons^-erse  position  of  the  former  being  ptin- 
cipally  under Jtood.  ^ithwart  the  Fdre  Foot ;  when  any  object  crosses  the  line  of  a  sh^'s 
ciMxrse,  bat  ahead  of  her,  it  is  said  to  be  athwart  the  Fore  Foot  JIUMort  sMps  ; 
reaching  or  in  a  direction,  across  the  sliip  from  one  side  to  the  other. 

•  "t^rip.    when  applied  to  the  anchor,  it  means  that  the  anchor  is  drawn  out  of  the  ground, 

and  hangs  in  a  perpendicular  direction,  by  the  cable  or  buoy  rope.  The  top-sails  ire 
aaid  to  be  atrip,  when  they  are  hoisted  up  to  the  mast  head,  or  to  their  utmost  esfil^t. 

-  ^cofff.     A  term  used  for  stop,  or  stay  ;  as,  aaasi  heaving,  do  not  heaveany  ame. 

*''^weigh*    The  same  as  utrip  when  applied  to  the  anchor.  . 

•  7irjin  f .     A  shelter  or  wrpfn  of  canvass  spreail  over  the  decks  of  a  ship,  to  l6f^  bff  uie 

K      k 


2&0  EXPLANATION  OF  SEA  TERMS. 

the  heat  of  the  sun.     Spread  the  awning ;  extend  it  so  as  to  cover  the  dedu     Figlibe 

awnins: ;  that  is,  roll  it  up. 
To  hack  the .  Anchor.    To  carry  out  a  small  anchor  ahead  of  the  lai|^  OQe,  id  order  to  Mp- 

port  it  iu  bud  ground,  and  to  prcTent  it  from  loosening  or  comi^  hoMe. 
To  back  astern.    In  rowing,  u  to  impel  the  boat  with  her  stem  foreBUMt»  bj  mmum  of  the 

oars. 
To  back  the  »aQs.    To  arrange  them  in  a  situation  that  will  oocarion  the  tUp  to  man 

astern. 
To  bagpipe  the  mizen.    To  lay  it  aback,  by  bringing  the  sheet  to  the  miiOB  ■hmodi. 
To  balance.    To  contract  a  sail  into  a  narrower  compa»)  by  foMing  op  i  pott  it  oae 

romcr.     Balancing  is  peculiar  only  to  the  mizen  of  a  ship,  end  the  ewinwB  of  tkost 

vcsscrls  wherein  it  is  extended  by  a  boom. 
Bale.    Bale  the  boat :  that  is,  to  throw  the  water  out  of  her. 
Ballast,  Is  either  pigs  of  iron,  stones  or  gravel,  which  last  is  eoDed  thmilB  faoUiit »  end 

its  use  is  to  bring  the  ship  down  to  her  bearings  in  the  water,  which  her  piovWoDi 

and  stores  will  not  do.     Trini  the  ballast ;  that  is,  spread  it  about  and  lij  It  eveo. 

The  Ballast  shoots ;  that  is,  it  shifts,   or  runs  over  from  one  aide  of  the  hold  to  the 

other. 
Bare  })otcs.    \Vhen  a  ship  has  no  sail  set,  she  is  under  hare  poles. 
Barge.    A  canal  built  boat,  that  rows  with  ten  or  twelve  oan. 
Batten.    A  thin  piece  of  wood.     Batten  down  the  hatches,  is  to  lay  battens  jopon  the 

tarpaulins,  which  are  over  thr  hntrhf  s  in  hnd  weathor,  and  nail  then  dofm  that  they 

may  not  be  washed  olf. 
Beacon.     A  post  or  stake  erected  over  a  shoal  ur  sand  bank,  as  a  warning  to  leMaen  to 

keep  at  a  distance.     Also,  a  signal  placed  at  the  top  of  hills,  &c. 
Beams.     Strong  pieces  of  timber  stretching  across  a  ship's  ride  to  side,  to  aupyoit  the 

decks,  and  retain  the  shies  at  their  proper  distance. 
Bear  a-hand.     Miikn  haste,  despatch. 
Bearing  signifies  the  point  of  the  compass  which  any  two  or  more  places  beer  ftom  eieh 

other,  or  how  any  place  bears  from  the  ship  by  the  compass  ;  or  it  mey  be  slid  to 

bear  on  tlic  beam,  nbaft  the  beam,  on  the  bow,  the  head  or  stem,  &c. 
Bearings  of  a  ship,  is  that  line  which  is  formed  by  the  water  upon  her  sides  when  die  is 

at  anchor,  with  her  proportion  x)f  ballast  and  stores  on  board.    To  h^ar  to,  b  to  sui 

into  an  harbour,  ^e.     Cear  round  up  ;  that  is,  put  her  right  before  the  wind.    Bring 

}'Our  guns  to  bear,  is  to  point  them  to  the  object. 
To  bear  in  with  the  land,  is  when  a  ;ihip  sails  towards  the  ahme.    . 
To  Bear  off.    To  thrust  or  keep  off  from  the  ship^s  side.  Ice.  any  weig^  when  lioleting. 
Bearing  tip  or  Bearing  away.    The  act  of  changing  the  course  of  a  ship,  in  Older  to  make 

her  nni  before  the  wind,  after  she  had  sailed  sometime  with  a  side  wind|  or  dose 

hauled  ;  it  is  generally  performed  to  arrive  at  some  port  under  the  lee,  or  to  aveid 

tiome  imminent  danger  occasioned  by  a  violent  storm,  leak,  orenemy  inakht. 
Beating  to   Windward.     The  ninking  a  progress  against  the  dIrectioB  of  the  windi  hjf 

steering  alternately  cloi^e  hauled  on  the  starboard  and  larboard  tadn. 
To  becalm.    To  intercept  the  current  of  the  wind.  In  its  passage  to  a  sUp,  by  aagr  con- 

tiguou«(  object,  as  a  shore  abo\e  her  sails,  a  high  sea  behind,  &c.  and  tiins  one  sdl  is 

said  to  i)ec.alm  anotlier. 
Before  the^Beam^  denotes  nii  arch  of  the  horizon  comprehended  between  the  line  of  the 

beam  (which  Is  at  right  angles  to  the  keel)  and  that  point  of  the  compass  on  which  tte 

ship  stems.     Sec  Bearing. 
Belay.    To  make  fast  any  nmniiis;  rope,  as  Belay  the  main  brace,  or  makeiilhsL 
Bend.    To  appl>-  to  and  fasten  ;  as,  licnd  the  sails,  apply  them  to  the  yaids  andftiM 

them  :  unbend  the  sails,  that  is,  cost  tliem  off*,  and  take  them  from  the  yards ;  her 

soils  arc  unbent,  she  has  none  fixed  :  bend  the  cable,  make  it  fast  to  the  anehor. 
Bcncnped.     See  Neai>cd. 

lietveen  Decks.    The  space  contained  between  any  two  decks  of  a  ship. 
i)7p;hi  of  a  rope.     The  doi^ble  part  of  a  rope  when  it  is  folded.     Bight,  a  nanow  ifllti 

of  the  sea. 
Jjilge.    To  break.    The  ship  is  bilged  ;  that  is,  her  phnks  are  broken  in  by  violnee. 
BUge-Water,  is  that  which,  by  reason  of  the  flatness  of  a  ship's  bottom,  lies  onheriotrr 

and  cannot  go  to  the  well  of  the  pump. 
Binnade.    A  kind  of  box  to  contain  the  compasses  in  upon  deck. 
Birih,    A  place  ;  as  the  ship's  birlh,  the  place  where  she  is  moored  ;  an  ^0feer^  l''^- 

his  place  in  the  ship  to  eat  or  sleep  in  ;  birth  the  sl^'*s  company^  (hat  is,  aUot  thMithi' 

places  to  mess  In ;  birth  the  hamnoeks^  point  out  where  each  man's  hanunodt''  ^ 

hang. 
BitU.    Very  laige  pieces  of  timber  in  the  fore  part  of  a  ship,  roond  which  the  aUv  "^ 

fastened  when  the  ship  is  at  anchor.     After-Bftts,  a  smaller  kind  of  bitts  nptf  "* 

quarter-deefc,  for  belaying  the  running  rigging  to. 
To  0ftt  the  Cable,  is  to  confine  the  Cable  to  the  bitts,  by  one  turn  under  the  cnMi|il^' 
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'And  viotBer  (am  round  the  bilt-head.    In  this  position  it  may  be  citJicr  liept  fixed,  (w 

it  may  te  veered  away. 
HUUr.    The  tarn  of  the  cable  round  the  bitts.     BUler  end  ;  that  part  of  the  cable  whidh 

fltap  within  board,  round  about  the  bitts,  when  the  ship  is  at  anchor. 
JSfodL     A  piece  of  wood  with  running  sheares  or  whceb  in  it,  through  which  the  ruti^ 

niqg  iteing  ia  pasted  to  add  to  the  purchaM. 
Som£   To  board  a  ship  is  to  enter  it  in  a  hostile  manner. 
Board,     To  make  ■  board  is  making  a  stretch  upon  any  tack  when  a  ship  b  working 

upon  a  wind.   7h  hoard  U  up,  that  is,  to  turn  to  windward.  The  ekip  Acs  made  a  stern 

hoards  that  ia,  when  she  loses  ground  in  working  upon  a  wind. 
BaaCsMMrin.    The  officer  who  has  charge  of  all  the  cordage,  rigging,  anchors,  &c. 
BoU  sftore.     A  steep  coast,  permitting  the  close  approach  of  shipping. 
BoU  rope.     The  nme  which  goes  round  a  sail,  and  to  which  the  canvass  is  sewed.    Thfi 

side  rapes  are  called  leaeh  ropes,  that  ^t  the  top  the  head  rope,  and  that  at  the  bottom 

wbf&fiotTopem 
JBommgt  of  a  tail,  is  an  additional  piece  of  canvass  put  to  the  sail  in  moderate  weather  tb 

l^oU  more  wind.     Lose  on  the  bonnet,  that  is,  fasten  it  to  the  sail.    Shake  iff  the  bomUt, 

take  it  oC 
Boot  ttMuy.     Cleaning  the  upper  part  of  a  ship's  bottom,  or  that  part  which'  lies  imne* 

diate^  onder  the  surface  or  the  water,  and  daubing  it  over  with  tallow,  or  with  aniiv 

tumof  taBow,  sulphur,  roaan,  &e. 
Both  ekeeU  ofL    The  litnation  of  a  ship  sailing  right  before  the  wind. 
Bow  grmee.    AfrUM  of  okl  rope  or  junk,  laid  out  at  the  bows,  stems,  and  side  of  shi^s, 

to  BKfieitthaB  liraai  being  ttOured  by  flakes  of  ice. 
Bommuu    Lteea  made  Ihtt  to  the  sides  of  the  sails  to  haul  them  forward  when  upon  a 

wind,  lAUk  Wfa^haoled  taut,  enables  the  ship  to  come  nearer  to  the  wind. 
7o  ItMc    T»  pal  opon  any  body  with  a  tackle  in  order  to  remove  it 
^  A  IttfB  maat  or  pfeee  of  timber  which  stands  out  from  the  bows  of  a  ship. 

A  partieolar  method  of  veering  a  ship,  when  the  swell  of  the  sea  rendcrk 


Baafar.  Aa  operation  tdOMwhat  similar  to  Boxhauling.  It  is  performed  by  laying  the 
had  arib  atack,  to  receive  the  greatest  force  of  the  wind  in  a  line  perpendicular  to 
fMr  aoifteaB,  ia  older  to  turn  the  ship's  head  into  the  line  of  her  course,  after  she  hatf 
■MlaMd  to  wiadward  oT  it. 


Tbiraetttt 


Tho  roptt  tar  which  the  yards  are  turned  about  to  form  the  saib  to  the  wind. 
ie  MNk    To  move  the  yards,  bj  means  of  the  braces,  to  any  direction  reqpiircd. 


To  hma  mo^  lu  braoe  the  yards  round  for  the  contrary  tack.  To  brace  sAorp— to 
bnea  te  fmiu  to  a  poaitioo  in  which  thej  will  make  the  smallest  possible  angle  with 
tlia  kail,  br  IkaAip  to  hove  head-way.     To  Brace  to— to  ease  off  the  lee  brac^, 

lar  braeaa,  to  assii^t  the  motion  of  the  ship's  head  in  tacking. 


and  nwd  Ib  Ihi  waathar 

A  aomt  MeaHar  only  to  certain  ropes  bclonginj:  to  the  mizen,  used  to  tnm  it 
it  b  likewise  aoplied  to  all  the  ropes  which  ai 


ap  t»  the  matt     Bot  it  b  likewise  applied  to  all  the  ropes  which  are  employed  in 
if  the  battooit,  lower  comers  and   skirts  of  the  other  great  sails.      To 
op  a  tail  by  means  of  the  braib,  for  the  more  ready  furling  it  when 


To  knak  Wk.    The  act  of  beginning  to  unload  a  ship. 

To  IrMfe  akoer.     When  a  ship  at  anchor  is  forced,  by  the  wind  or  current,  firom  that 
poaitioo  fai  whidi  she  keeps  her  anchor  most  free  of  herself  and  most  firm  in  the  groand, 
•o  aa  to  cadanger  the  tripping  of  her  anchor,  she  b  said  to  break  her  sheer. 
Barniag  off  the  filth  from  a  ship's  bottom. 
A  rope  coiployed  to  confine  a  ship  sideways  to  a  wharf  or  to  some  oth'c^ 


TetSiig 


— -"..^  >y  the  /ff     ^oc  to  hnock  to 

TtAriyla.     Ta  ekeck  the  coone  of  a  ship  when  slie  is  advancing,  by  arranging  the  saib 

ia  mA  aaaaav  Ibat  they  ahall  eoonteract  each  other,  and  prevent  her  firom  either 

labaatfenfar aivaadaf.    Sea  lelielo. 

fkbnmk  In    Ta  iadiaa aaddealy  to  windward  of  the  ship's  coorte,  so.as  to  preaent  h^ 

-'trlir  1^1 -jail.  miiI  raihiapni  hn  innirtliin     The  deference  between  broaching  to 

aa4ip*ii«VlalAt  be  miTbethuB  defined:  Suppo^  a  ship  under  great  taO  b  steering 

-~^  teHagtta  wind  at  N.  N.  W.  then  west  b  the  weather-side,  and  east  the  leo- 

ii;igr  mj  aeaideat,  her  head  turns  round  to  the  weatward,  so  that  her  saib  are 

~   ritaathewaathersidcshebsaidtotroadklo.    »;  on  the  eootraor,  Mr 

aafiweaatwardasto  lay  her  saib  dbaek  on  that  aide  which  was  the  lee 

M  b  criM  MifiRf  ^  IA€ /f e. 

A  dbchaiya  of  all  the  guns  on  one  side  of  a  ship  both  above  and  below. 
idL  The  state  of  asUp  which  bsolooacnadiaWr  frame  aa  to  drop  at  each  esd; 

Ika  hamri,    Oior  the  ship's  aide. 

^^^**^  ^  T%e  state  of  a  ship  when  die  baa  aaeqaaDy  loaded  as  to  draw  norewrf' 
^tr  fofwara  than  afti 
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/{y  iht  teiW.    The  course  of  a  sliip  as  near  as  possible  to  the  direction  oftlie  viudy  whici; 

is  generally  within  six  points  of  it. 
BimClines.    Ropes  fastened  to  the  foot  rope  of  square  sails  to  draw  thctn  op   to  the 

middle  of  the  jordn  for  furling. 
Bucy.    A  floating  conkal  cask,  moored  upon  shoals  to  show  where  tho  danger  is; 

also  used  at  ancliors  to  shovr  where  they  lie,  in  rase  the  cable  breaks. 
f'jtp.    A  strong  thick  hlork  of  Wood,  having  two  large  holes  through  it,  the  one  aqnaupL*, 

the  other  round  ;  w^al  to  confine  tlie  two  ina<:ts  together. 
Capsise.     Overturn— (lie  boat  is  capsized,  that  is,  overset.     Capsize  the  quoil  of  rope ; 

that  is,  turn  it  over. 
Capstan.     An  instnimont  by  which  tlir  anchor  is  weighed  out  of  the  ground,  used  aho 

for  setting  up  the  shrout's,'  and  other  work  where  a  great  purchase  is  required. 
To  Careen.    To  iRclinc  a  ship  on  one  side  so  low  down,  by  shilling  the  cargo  or  stor&i 

dA  one  side,  that  her  bottom  on  the  other  side  may  be  cleansed  by  breaming. 
To  carry  away.    To  break — as  a  ifhip  has  carried  away  her  bowsprit,  that  is,liaibrobrn 

it  ofl". 
Quting.    The  motion  of  filling  off,  so  as  to  bring  the  direction  of  the  wind  on  cither  side 

of  the  ship  after  it  had  Itlown  some  lime  right  :i-head.     It  is  particularly  applied  to  a 

ship  about  to  weigh  anchor. 
OU-Htada,    Tlie  timbcn  on  sliipVs  bows  with  sheaves  in  them,  by  which  the  anchor  is 

hoisted  afler  it  has  been  hove  up  by  the  cabhi. 
To  cat  the  anchor  is  to  hook  tlic  cat -Muck  to  tlie  ring  of  the  anchor,  and  haul  it  up  clWc 

to  the  cat-head. 
(ftiVipaw  is  alight  air  of  wind  perceived  at  a  distance  in  ncalm,  sweeping  the  rarihceof 

the  Bca  very  lightly,  and  dying  away  before  it  reaches  the  ship. 
CQidkmg  is  filling  tlic  scams  of  a  ship  with  oakum. 
Centre,    This  word  is  applied  to  that  squodron  of  a  fleet,  in  a  line  of  battle,  which  OCf 

cupies  the  middle  of  a  line  ;  and  to  that  column  (in  the  order  of  aailing)  wfakh  is  be- 
tween tho  weather  and  lee  columns. 
Chains,    A  place  built  on  the  sides  of  the  ship  projecting  out,  and  at  which  the  ihnmdA 

are  ihstened,  for  the  purpore  of  giving  them  greater  angle  than  they  could  hmve  if 

fastened  to  the  ship^s  side,  and  of  courie  giving  them  a  greater  power  to  oecun  the 

mast. 
Chain  plates,  are  plates  of  iron  fastened  to  the  shipV  sides  under  the  chains,  and  to  these 

{tlates  the  dead  eyes  are  fastened. 
Ch(ipdUng,    The  act  of  turning  a  ship  round  in  a  light  breeze  of  wind  when  she  la  close 

hauled,  so  that  she  will  lie  the  same  way  she  did  before.     This  is  usui&j  occasioned 

by  negligence  in  steering,  or  by  a  sudden  change  of  wind. 
Chase,    A  vessel  pimued  by  some  other.     Chaser — the  vessel  pursuing. 
ChBeriy.    A  phrase  implying  heartily,  quickly,  cheerfully. 

To  claw  iff.    The  act  of  turning  to  windward  from  a  lee  shore,  to  escape  shipwieefc,  6x* 
Ctenr  is  variously  applied  : — ^The  weather  is  said  to  be  dear  wfa^n  it  is  fair  and  opaa,  the 

soa-coast  is  clear  when  the  navigation  is  not  interrupted  by  rocks,  fee.  It  is  spplied  to 

roYdage,  cables,  &c.  when  they  are  disentangled,  so  as  to  be  ready  for  irnmrmalB  ser- 

vfce.     In  all  these  sense?  it  is-opposed  to  fou!.     To  clear  the  anchor  is  to  g^the  cable 

oS'thc  flukes,  and  to  disencumber  it  of  ropes,  ready  for  dropping.    Clear  AotPse^Whea 

the  cables  arc  directed  to  their  anchors  without  lying  athwart  the  stem.     To  dear  the 

hawse  is  to  untwist  the  cables  when  they  arc  entangled  by  heaving  either  a  cross,  in 

ejbow  or  a  roimd  turn. 
Vbaichcd,     Made  fast,  as  the  cable  is  to  the  ring  of  the  anchor. 
Close  hauled.     That  trim  of  tho  ship's  sails,  when  she  endeavours  to  make  a  progresf  in 

the  nearest  direction  po^tslblc  towards  that  point  of  the  compass  from  which  thewinl 

blows. 
To  dub  hmd,    A  method  of  tackir.g  ;•.  ship  when  it  is  expected  the  will  miss  stays  oo  s 

lee  shore. 
Ctue4ines,  arc  ropes  which  come  down  fran  the  mast  to  tho  lower  comers  of  the  luh. 

and  by  which  the  comers  or  clues  of  the  sails  arc  hauled  up. 
Clue  of  a  saiL    The  lower  cornem  of  square  sails,  but  the  aflcrmost  only  of  staj  Bai!%  ll"' 

other  lower  comer  being  called  the  tack. 
To  due  up.    To  haid  up  the  clues  of  a  sail  to  its  yard  by  mean?  of  the  doe  lines. 
Coasting.    The  act  of  making  a  progress  along  the  sea-coast  of  any  country. 
ToeoU  lAe  coMc.    To  lay  it  round  in  a  ring,  one  turn  over  smother. 
7b  come  home.    The  anchor  is  said  to  come  home  when  it  loosens  (torn  the  groB*'^^ 

eflTort  of  the  cable,  and  approaches  the  place  where  the  ship  floiUed,  at  the  ka^  " 

hcrmoorings>  ^ 

Coming-  to,  denotes  the  approach  of  a  ship*s  head  to  the  direction  of  the  win^ 
Coutyt.    The  point  of  the  compass  upon  which  the  ship  sails.     CovgeM^  a  MfB  ^^ 

*>uls  ;  ms  the  fore-itail  is  the  iWcourse :  the  main-^il  the  main-eoursfe,  &r. 
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nciUf  Umi^ivttantt;  Out  ii,  bw na Mul  m  hit  (he 

(TatnMfa.    Hw  penoB  wbo  itcen  the  boU. 

OmL  Thaihiplacruk,  llut,  ■■•hebM  not  arafficMiit  urgoorbiDBit  lorendarbec 
nfaUe  of  beuinK  «ul,  withoi.;  bciog  eipiwed  to  the  dutgar  of  OTcneltinc. 

f 'FWVijIM,  if  a  namber  of  unall  liocf  i^ead  from  Ibe  fora  partt  of  (be  lopi,^  nmiiu  of 
(kapiaceofwood  throogb  which  tbn  pan,andbeiiighaalcd  tuit  dponthe  lUjifUtEj 
|>i«i«iitthcCMtof  the  topMilacatchmgimdar  thatopria;  the]'  un  ainaicd  ta  ni;- 
pendthcawDiDgs. 

Cm*.    To  dincl.    To  cud  a  jhip  i*  to  direct  the  mln  at  Ma  bow  to  itecr. 

T»  ad  aai  rm.  To  cot  the  cable  and  nuka  nil  initantlj,  without  waiting  to  weigh  anchor. 

^'r'I.  Along  bean  of  limber,  oaed  a*  >  crane,  wherebj  to  boiat  the  lliikei  of  the  an- 
chor to  the  lopaftbe  bow,  without  injurinfc  lira  planb  of  tha  chip')  tide)  ai  it  aceendf. 
Then  la  alwaja  ■  Oant  of  a  amaller  hind  fixed  to  the  lODT-baal  to  weigh  the  anchsi 
by  (he  buoy-rope. 

T»  rfaadn  a  tkifrt  laaf.     To  impede  bnr  piog^ren  tbrongh  the  water. 

Dad  tfo.     Blocka  of  wood  tbiourh  which  Ibe  laniards  of  the  ■hmiidi  are  reeled. 

DnitifUa.  A  hind  of  window  ifaiitter  for  the  windows  in  the  ileni  of  aibip,  need  in 
lei;  had  weather  onlf. 

IkadKaltr.  Thceddj  of  water,  whicb  appcaniike  wbirlpooli,  eloring  in  with  the  ahip'^ 
■ten  aa  ^  niU  on. 

Jitadwrnd.  The  wnd  right  againil  the  ihip,  or  blowing  from  the  ferj  point  to  whi"r> 
■ha  wnntB  to  go. 

Jfi— ifn;     Tlw  atatc  oT  a  ship  that  bai  loit  her  masti. 

Iha  — M.  Anull  raoe  with  (enthcn  and  coih,  snd  placed  on  the  ihip*!  quarter,  foe 
&t  neo  at  cim  end  hdm  to  see  the  courae  of  wind  hj. 

fibf  M^f  A    The  watebei  from  four  to  six  and  Ihiin  six  to  eight  in  the  evening. 

JiiWy.  Theactof  (ailing  round  or  pauingbrj-ond  a  cape  or  point  of  land. — Doubling 
lacNi — Tk  ad  of  iDcIosing  on*  pert  of  a  hoatile  fleet  betiroentwo  Gice,ar  of  cannon- 
ading it  on  both  aidei. 

ilMtet.     To  atrike  or  haul  do^rn  ;  •■,  ilniicc  the  lop-^Unt  ruin,  that  ii,  lower  thcnt. 

Itowi  hay.     The  lopc  bi  which  any  Tail  is  hauled  down,  as  the  jibb  dawa-haul. 

To  dnnt.     To  hiwer  suddenly  or  ilacki^n. 

nAwftiimteiir.    To  trail  it  along  the  bntlom  after  it  is  loowncd  from  the  ground. 

TodrtK.  Wbena5ani«infiat(.-dbv  thi- wind,  !oa»  toailvnnrtlhc  vcirelin  hercouri'-, 
(hoaiibaBUto'iw  ;  and  so  to  !.-(';<  oN  rfrarin;  is  to  inflate  all  the  uili. 

Di(fi.  Thaangk  whicb  the  line  ofa  abip'i  tnotion  mnhos  with  Oic  ncareat  meridian, 
whoa  4a  Mm  with  her  aide  to  the  wind  and  wares,  and  not  gorerned  br  the  powcrt 
oT  the  helm.    II  also  implies  the  dislancp  which  the  ship  Urivca  on  that  Hne. 

DHrsr.  A  large  nil  set  upon  the  mizenTardsin  light  nind*.  Prii'^. — The  ship  diite*. 
that  ia,  her  aochor  comes  tbronghtbr  ground. 

Dr^  Caedaometimcs  to  denote  the  depth  of  a  sail  ;  as  the  foi«-lop->ail  dropa  twelve 
janb. 

TrAt^mctar.  Used  aynonimoiil);  trilh  fe  anchor.  To  drop  astern.  The  retrograde 
■nolioD  ofa  ahip. 

Ihamfi.  A  quantilf  of  loaw  wood,  &c.  laid  al  Ihc  bottom  of  a  ship  to  keep  the  good? 
frVB  being  damaged. 

Earintt.     Small  ropes  n-:ed  to  fasten  the  upper  cDmen  of  aaila  to  the  innL'. 

TuHH,  Isfaneuay,  orloeiuenf.  To  slacken  |;radually  ;  thua  they  i>t,uu(  the  bow- 
line, ent  the  sheet. 

Etat  lit  ih^.  The  command  eivcn  by  the  pih>t  to  the  ilccrsnan,  to  put  the  helm  Lanl- 
•-te«,  when  the  ship  is  cupceicd  to  plunge  her  furc  part  deep  in  the  water  wbeu  clo:'' 

Ta  Hqc  airiBj.  To  decline  Rraduallr  from  the  sliorc  or  from  the  lincof  the  cMHC  whl>ti 
(he  ahui  formerly  bchtin  order  to  go  more  hi^. 

T»  tdgi  ill  iril^.     To  adiancc  ~mduslly  tnwarils  the  shore,  or  any  Other  object. 

/Ham  in  Ihc  HincMt.  la  when  a  ahip,  Iwing  moored,  ha*  ^ne  round  upon  llic  shifting  of 
thetidsa  twice  t'je  wrong  ivay,  aa  a«  to  lay  the  cables  one  over  the  other  :  haTiog  gone 
mee  wrong,  she  makes  a  crois  in  the  liiivse,  and  ^oing  three  times  wrong,  ihe  makes 

Eitd/arm±     A  trnn  used  when  a  rope  run ^  til  out  afa  Moi'k.  and  ii  unreeTcd  ,  or  in 
coning  to  an  anchor,  if  theslopprn  ?.tc  naln-tll  put  on  and  the  cubic  runs  all  out,  it  is 
raid  to  hate  gone  out  end  for  end. 
Eltd  en.     When  a  ship  adianecs  to  a  abort,  rock,  &c.  T.ilhout  an  apparent  paanbOity  of 

enting  her,  she  is  said  to  go  tnJ  on  (br  the  shore,  &c. 

""••t     Action  or  Gghl. 
A-ssfn.    .The  flwwom  at  the  stem  of  a  ship. 
-&»**™«jW<-    A  lirgeport  in  (he  side  of  three  deehers  leading  into  the  ariddle  deel',  W 
w-rrn  tlw  /riwble  of ^oini  up  the  chip's  riie  to  <r(  nn  hoard. 
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hten  ktei    VHien  the  keel  U  ptnUel  with  the  horizon,  a  ahi^  it  mid  to  be-npon  An  irlft 

ktd. 
JWr.   A  general  term  for  the  dispositMNi  of  the  wind,  when  fiiTourable  to  a  ahip^  count* 
Fdat-waif.    The  channel  of  a  narrow  bey,  river,  or  haTen,  in  whidi  ships  nsoally  advance 

in  their  passage  op  and  down. 
Fmck,  or  Fake,    One  drvle  of  anj  rope  or  cable  <|uoiled. 
Fag  end.    The  end  of  any  rope  which  is  become  untwisted  by  frequent  use  ;  to  prevent 

which  thcenils  of  ropes  are  wound  round  with  pieces  of  twine,  which  operation  is 

called  wMpptng-.  .  .  ' 

To  fall  orboard  qf.    To  strike  or  encounter  another  ship  when  one  or  both  are  ia  mo^n. 

To  fall  a3tem — The  motion  of  a  ship  with  her  stem  foremost     To  fall  cabn.    To  be- 
come in  astate  of  rest  by  a  total  cessation  of  the  wind.     Jhfdl  dmon.    To  aafl  or  be 

towed  down  a  river  nearer  towards  its  month, 
ratting  o^Tdenotes  the  motion  of  the  ship's  head  from  the  direction  aCtbewliidL   His 

used  in  opposition  to  coming  to. 
Fall  not  qffj  or  noUdng  tff,    l^c  command  of  the  slecjsniaa  to  keep  the  riiip  near  Qe 

wind. 
Falkom,    A  measure  of  six  feet. 
To  fetch  awa^.    To  be  shaken  or  agitated  from  one  side  to  another  so  as  to  loOMn  Ihj 

thing  which  before  was  fixed. 
Fid.    A  square  bcr  of  wood  or  iron,  with  shoulders  at  one  end,  used  to  lupputi  (he 

weight  of  the  topmast,  when  erected  at  the  head  of  a  lovrer-mait 
Fid  for  splicing,    A  large  piece  of  wood  of  a  conical  figure ;  used  to  extend  the  itnnd^ 

and  layers  of  cables  in  fcplicing. 
To  JUL    To  brace  the  sails  so  as  to  receive  the  wind  in  them,  and  advance  the  ASp  in 

her  course,  after  they  had  been  either  shivering  or  braced  a-back. 
Fisk,    A  largo  piece  of  wood.    Fiak  the  mast ;  apply  a  laige  piece  of  wooi  to  H  f o 

strengthen  it 
Fuh^hMk.    A  laige  hook  by  which  the  andior  is  received  and  broo|^ttD  the  cift>kiM ; 

and  the  tackle  which  is  uncd  for  this  purpose  is  called  the  fish-tackle. 
To  fish  the  anchor.    To  draw  up  the  flukes  of  the  anchor  towards  the  top  of  tebov, 

in  order  to  stow  it,  after  having  been  catted. 
Flag,    A  general  name  for  colours  worn  and  used  by  ships  of  war. 
Hat  aft.    The  situation  of  the  sails  when  their  surfaces  are  pressed  aft  sigainaltho  aritnf 

by  the  force  of  the  wind. 
To  fiat  til.    To  draw  in  the  aiVcnnost  lower  comer,  or  due,  of  a  sail  towtvdi  tto 


of  the  ship,  to  give  the  saU  a  greater  power  to  turn  the  vessel.   To  fUL  in Jbrward.  To 

draw  in  the  fore  sheet,  jibb-sheet,  and  fore-staysail  sheet,  towards  the  midoa  off  tin  Aip. 
Flaw,     A  sudden  breeze  or  gust  of  wind. 

Floating.    The  state  of  being  buoyed  up  by  tbe  water  from  the  ground. 
Flood'tu'e,    The  state  of  a  tide  when  it  flows  or  rises. 
Floinng  sheets.    The  position  of  the  sheets  of  the  principal  sails  when  (hey  are  looeciicfl 

Irom  the  wind  so  as  to  nsceive  it  into  their  cavities  more  nearly  perpendicular  thah  when 

close-hauled,  but  more  obliquely  than  when  the  ship  sails  before  the  wind.      A  ship 

going  two  or  three  points  large  htisfloiring  sheets. 
Fore,    That  part  ofa  ship's  frame  and  machinery  that  lies  near  the  stem.     Fort  ami^ft. 

Throughout  the  whole  ship's  length,     lengthways  of  the  ship. 
Fore-reach.     To  shoot  a-licad,  or  go  past  another  vessel. 

To  force  orar.     To  force  a  ship  violently  over  a  shoal  by  a  great  quantity  of  saiL 
Fonrard.     Towards  the  fore  part  of  a  ship. 
Fottl.    Is  used  in  opposition  both  to  clear  and  fair.     As  opposed  to  clear  we  ny,  M 

wcatlier,  foul  bottom,  foul  ground,  foul  anchor,  foul  hawse.    As  opposed  to  fiur,  w 

say  foul  ^vinil. 
To  Founder.     To  sink  at  sea  by  filling  with  water. 
To  free.    Pumping  is  said  to  free  tbe  ship  when  it  duchargcs  more  water  than  ledf 

into  her. 
Tofreshciu    When  a  gale  increases  it  is  said  to  freshen.     To  freshen  the  HtnUm    Vetf* 

ing  out  or  heaving  in  a  little  cable  to  let  another  part  of  it  endure  the  it  raw  of  Ik 

hawseholes.    It  is  also  applied  to  the  act  of  renewing  the  scrrice  round  fkb  cM 

at  the  hawseholes. 
Freshen  the  ballast.    Divide  or  separate  it. 

Fresh  away.    When  a  ship  increases  her  velocity,  she  is  said  to  get  firesh  way. 
Full,    The  situation  of  the  trails,  when  they  are  kept  distended  by  the  wind. 
Full  and  6y.     The  situation  of  a  ship,  with  regard  to  the  wind,  when  close  hauled  aft' 

sailing,  so  as  to  steer  neither  too  nigh  the  direction,  nor  to  deviate  to  leeward. 
Tofwrl.    To  wrap  or  to  roll  a  sail  clohc  up  to  the  yard  or  stay  to  which  itbe1ong>i  *^ 
m  winding  a  cord  around  it,  to  keep  it  fast. 
Oage  of  die  Bhip.    Her  depth  of  water,  or  what  water  she  drew*. 
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To  gmn  Uu  wmL    To  wcme  on  the  weather  side,  or  to  windward  of  some  ihip  or  fleet 

in  fll^  win  both  are  sailing  as  near  the  wind  as  possible. 
CiM—i  ihtk^imipi'U,    Secore  it  by  turns  of  a  strong  rope  passed  round  it,  and'into 

the  eat-waler,  to  prevent  it  firom  hafing  too  much,  motion. 
ChrngtM^-    That  pert  of  a  ship's  side  both  within  and  without,  by  which  persons  enter 


gtnak,    Thefirrtrangeorstreakof  planks  laid  in  a  ship's  bottom  next  the  keel. 
The  rope  which  is  pas&td  round  the  sad  to  bind  it  to  the  yard  when  it  isfiirled^ 
Tb  gatkar.    A  ship  is  said  to  gather  on  another  as  she  comes  nearer  to  her. 
Gimkidimg.    The  action  of  turning  the  anchor  round  by  the  stock,  so  that  the  motion  of 

tkeatodk  ippeara  similar  to  that  of  the  handle  of  a  gimblet,  when  employed  to  turn 

the  wire. 
OirU    The  ship  is  girt  with  her  cables  when  she  b  too  tight  moored. 
To  giDi  dbose  to.    To  pursue  a  ship  or  fleet 
GomMgma  of  m  ttdL    The  clues  or  lower  comers  of  a  ship's  i»»«in«aiy  or  foresail,  when 

the  midiale  pert  is  fluted  or  tied  up  to  the  yard. 
CrmffKng'mL    A  thing  in  the  nature  of  an  anchor,  with  four  or  six  flukes  to  it. 
Cnnt.    To  bum  ofi*  the  filth  from  a  ship's  bottom. 
Gfipe  rfo  sMjp.    That  thin  part  of  her  which  is  under  the  counter ;  and  to  whidi  the 

fltenpeitjoiBS.    The  ship  gripes,  that  is,  turns  her  head  too  much  to  the  wind. 
Crmmmg,    The  laying  the  ship  a-shore,  in  order  to  repair  her.    It  is  also  vpfXutA  to 

runmugaamnd  aceidentally. 
Grmmd  tmcwk.    Every  thing  belonging  to  a  ship's  anchors,  and  which  are  necessary  for 

■nchoriag  or  mooring  ;  such  as  cables,  hawsers,  tow-lines,  warps,  booy-iopes,  Ac. 
Orotmd  tier.    That  is,  the  tier  of  water  casks  which  is  lowest  in  de  hold,  and  is  amon^ 

the  shingle  beOasL 
Gfombtg.    Stretching  out ;  applied  to  the  direction  of  the  cable  from  the  ship  towards 

tteanAoci:  aa,  th^  cable  grows  on  the  starboard  bow. 
GrmmmeL    Apiece  of  rope  laid  intoa  areolar  form,  and  used  for  large  boat's  oars  in* 

■laid  of  nwrloda,  and  also  for  many  other  purposes. 
Gmmti.    The  upper  ^^  of  a  ship's  tide. 
giw  room,    A  dtmon  of  the  lower  dedc  abaft,  enclosed  with  network,  for  the  use  of 

the  ganer  and  his  stores. 
^r^fMag;    The  act  of  shifting  any  boom-sail  from  q|ie  side  of  the  mast  to  the  other. 
liA    To  eiB  to  another  ship. 

The  ropes  by  which  the  sails  are  hoisted,  as  the  top-sail  haliards,  or  jibb 

_     The  wuoe  as  flurlii^. 
Hmdm^gmAHT.    Fntthetiller  quite  up  to  windward. 


T^kmdikiwIiU,    To  direct  the  ship's  course  nearer  to  the  point  from  which  the  wind 


The  holes  in  the  bows  of  the  ship  through  which  the  cables  pass. — Fretk- 
>out  more  caUe.     CUip  a  seroire  m  the  hmoMe ;  put  ilimewhat  round  the 
^iUe  at  the  hawse-hole  to  prevent  its  chafing.    To  cUwr  hawofy  is  to  untwist  th^ 
wheie  a  ship  b  moored,  and  has  got  a  foul  hawse.    •Athwart  hawser  is  to  be 
arbefiate  anotter  ship's  head. 
A  small  kind  of  cable.  ^ 
Utmi/uL    AropeeMlojedto  confine  theheadof  asiiiptoawharf  or  to  somieothdr 
ahm.    flSMAneH.    The  situation  of  any  ship  or  ships  wUch  are  the  most  advanced  in 
aleet    HmiotSU.    AU  the  sails  wUeh  belong  to  the  foremast  and  bowsprit. 
HM^iML    When  the  waves  meet  the  head  of  a  ship  in  her  course,  they  are  called  a 
'   head-eat. .  It  bKkewiae  applied  to  a  single  waveeonuog  in  that  direction. 
utmtUmimi.    The ailnatkm  of  a  ship  when  her  head  ia  turned  to  the  point  from  which 

fht  wfad  Uo«8»  aa  it  mvt  when  tadd^ 
Haadw^,    The  motion  of  advancing,  used  in  oppoeitiDa  toatetn-way. 
Taflsaw.  .  To  tnni  about  a  capstan,  er  other  marhina  of  the  like  kind,  by  means  of 
han^  handspikes.  Ac.    To  Hiaa>  a-Asad,  to  advaaoe  the  ship  by  heaving-in  the  eftble 
ar  other  rope  frstcned  to  an  aaehor  at  mmm  distance  befofa  her.    To  Heme  a^peel', 
to  heava-in  the  cable,  till  the  andMnr  is  a-peek. 


To  Hemve  •^dem^  to  move  a  ship  backwaida  l»y  anoperation  similar  to  that  of  hcav 


ing  a-head.  To  Heaoe  down,  to  careen.  To  Heme  in  the  eoUe,  to  draw  the  ca- 
ble into  the  ship,  by  turning  tlicr  capetan-  To  Heme  ta  sleyt,  to  bring  a  ship'p  head 
ta  the  wind,  by  a  management  of  the  saOa  and  ladder,  in  order  to  get  on  the  other 
tack.  To  Heaoe  ovt,  to  unfurl  or  looae  a  sail ;  meiaparticolaily  applied  to  thestay- 
saib ;  thus  we  say,  loose  the  topsafls  and  heave  oat  the  staysails.  ToHotoookori^, 
ta  draw  sa  maeh  of  the  cable  teta  the  ship,  aa  that  she  wffl  be  ahnost  peipendicohrly 
over  her  an^or.  To  fisoaf  %U  or  taal,  to  torn  the  capstan  ronad  tiD  the  rope  or 
caMe  Ifecomea  stiaiglitened,    To  Heave  the  cap^Um,  to  turn  it  roond.    To  Htmt  i^e 
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had,  to  throw  the  lead  overboard,  in  order  to  find  the  depth  of  water.     To  IJtKi  the. 
lof^f  to  throw  the  log  overboard,  in  order  to  calculate  the  'velocity  of  Cbe  ship'*  inx. 
Heave  the  eapstaiit  that  is,  turn  it  round  with  the  bars.     Heme  handaomdy,  faem?e  gen- 
tly or  leisurely.     Heave  hearty^  heave  strong  and  quick. 
Heave  of  the  sea,  is  the  power  that  the  swell  of  the  sea  has  upon  a  ship  in  drinng  her 

otitj  or  faster  on,  in  her  course,  and  for  which  allowance  is  made  in  the  day*0  work. 
Heel,  or  incline.     She  heels -to  port,  that  is,  inclines  or  lays  down  upon  her  brboard  or 

left  side. 
Helm.     Tfaeiostnuncnt  by  which  the  ship  is  steered,  and  includes  both  the  wheel  and 
(he  tiller,  as  one  general  term.  HelnVs  a-Ue,  that  is,  the  tiller  is  qoite  down  to  leeward 
High  and  dry.     The  situation  of  a  ship  when  so  far  run  aground  as  to  be  seen  dry  upou 

the  strand. 
Hitch,    To  make  fast. 
floist.    To  haul,  sway,  or  lift  up. 
Hold,  is  the  space  between  the  lower  deck  and  the  bottom  of  the  ship,  tvhere  her  stozv.'. 

&c.  lie. 
To  stow  the  hold,  is  to  place  the  things  in  it 

To  hold  iU  own,  is  applied  to  the  relative  situation  of  two  ships  when  neither  adi-ancr?> 
upon  the  other  ;  each  is  then  said  to  hold  its  own.  It  is  likewise  said  of -a  ship  wiiieh. 
by  means  of  contrary  winds,  cannot  make  a  progress  towards  her  destined  port,  but 
which,  however,  keeps  nearly  the  distance  she  had  already  ran. 
Home,  implies  the  proper  situation  of  any  object  ;  as,  to  hand  home  the  topsail  sheet?, 
is  to  extend  the  bottom  of  the  topsail  to  the  lower  yard,  by  means  of  the  aheet?. 
In  stowing  a  hold,  a  cask,  &c.  is  said  to  he  kome,  when  it  lies  close  to  some  other 
object. 
7/ti/Ar.    A  ship  without  masts  or  rigging  ;   also  a  vessel  to  remove  masts  into  or  out  of 

ships  by  means  of  sheers,  from  whence  they  are  called  sheer  kulkt. 
Horse.     A  rope  reaching  from  the  middle  of  a  yard  to  its  arms  or  cxtremitiesi,  for  the 

men  to  stand  on  when  they  are  loosing,  reefing,  or  furling  a  sail. 
Htdl  of  the  ship,  the  body  of  it.    To  lay  a  hull,  is  to  lay  to  with  only  a  small  sail  in  a  gale 

of  ivind.     To  hull  a  vessel,  is  to  fire  a  shot  into  any  part  of  her  bull. 
Hull  doicn,  is  when  a  ship  is  so  far  oflTthat  you  can  only  see  her  masts.     TohMUmtkip— 
to  fire  cannon  balls  into  her  hull  within  the  point-blank  range.     ilvJU  to-— the  «itaa-< 
tionof  aship  when  she  lies  with  alher  sails  furled  :  as  in  lining. 
Til  stays.     Sec  to  heave  in  jtcri/s. 

Jamming.    The  act  of  enclosing  any  object  between  two  bodies  so  as  to  render  it  im- 
moveable. 
Jeer  blocks.    The  blocks  through  which  jeers  arc  reeved. 
Jrers.     Tlie  ropes  by  which  the  loiver  yards  are  suspended. 

.7/66.    The  foremost  sail  of  a  ship,  set  upon  a  boom  which  runs  out  upon  the  boirspril. 
Jibh-hoom.    A  spar  that  runs  out  upon  the  bowsprit. 
Jolltj-boat.    A  small  boat. 
.runk.    Old  C9ble,  or  old  rope. 
Jtmj-mast,    A  temporary  or  occasional  mast  erected  in  a  ship  in  the  place  of  one  which 

has  been  carried  away  by  accident,  &c. 
Ked^e.    A  small  anchor  with  an  iron  stock. 
Keel.    The  principal  piece  of  timber  in  a  ship,  which  is  usually  first  laid  on  the  blocki  in 

building. 
Kee'.'hmd.    To  drag  a  person  backwards  and  forwards  under  a  ship*!  keel  for  certain 

oflcnces. 
K^ckled.    Any  part  of  a  cable,  corered  over  with  old  ropes,  to  prevent  its  snifaoe  finom 

rubbing  against  the  ship^s  bow  or  fore-foot. 
To  keep  away.    To  alter  the  ship's  course  to  one  rather  more  large,  for  a  little  tine,  to 
avoid  some  ship,  danger,  &c.    Keep  away  is  likewise  said  to  the  steersman  who  it  apt 
t  r>  ^0  to  windward  of  the  ship's  course.  To  heepfxdl — ^To  keep  the  sails  distended  bf  ^c 
ivjiid.     To  Keep  hold  of  the  land — to  steer  near  to  or  in  sight  of  the  land.     To  Ketptf 
— to  sail  offor  keep  at  a  distance  from  the  shore.     To  Keeptheland  aboard — the  itBe 
94  to  keep  hold  of  the  land.    To  Keep  the  l.nff-^xo  continue  close  to  the  wind.     To  hip 
the  irind^-tbesame  as  to  leep  the  luff, 
kfhon.     A  piece  of  timber  forming  the  interior  of  the  keel ;  being  laid  on  the  Buddk- 
of  the  floor  timbers  immediately  over  the  keel,  and  serving  to  unite  the  former  to  tke 
latter. 
Kr.ntUdgt.    Pigs  of  iron  fbrballn^t,  laid  upon  the  floor,  near  the  kelson,  fore  andafl. 
Kenk.    A  sort  of  twit;t  or  turn  in  a  enble  or  rope. 
Kmppen.    A  brgn  kind  of  plated  rope,  which  being  twisted  roiind  the  metaenger  ml 

cable  in  weighing,  bind  them  together. 
Knot.     A  division  of  the  log-line,  answering  in  the  calculation  of  the  shfp's  velot^.  ^' 

one  mile. 
T'j  r.nfy}*ir      1  o  fill  fiT  piie!i  hea'  i*y  In  a  ,^»rl -ulrnl  ?rn. 


X«irf'JUM.    The  lituatioti  of  a  ?bip  siuroundtd  with  land,  >e  u  to  ettiaitO>t  pnrfcrl 
-*•*-  —   nnlua  over  some  interrenlng  Innd. 

iBafannida,  ore  Itie  small  ropes  at  the  ends  of  tbrm,  bj  which  tbe;  are  hoi  t 


oflteM,  D 
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LrUwr4.  The  k ft  aide  oT  n  ship,  looking  tatrard*  the  bctu!.  Lartaerd  Tack — the  mtu' 
■tion  of  »  ihip  when  niling  with  tbe  wind  blowing  upon  her  larboard  tide, 

LaA.     To  bind. 

Z^MUA-ha,  tigDifies  high  enough,  or  Iowei'. 

taifiitt  Itt  laid.  A  ibip  which  inereaiea  her  dislance  Ttoin  the  reul,  -o  u  to  toakc  it 
appear  toWEr  and  unoller,  ii  naid  to  Jay  IAf  land. 

/.(■Anf-innrf-     A  tail  nind  for  a  Fhip'i  conrse. 

JLiat.  A  chink  or  tnach  in  tiw  sides  or  bottom  of  a  ibip,  lliroush  nJoA  &«  water  ta- 
un  into  tbe  bulL 

!.«<.  Thai  put  of  the  bcmuphere  to  which  Ibe  wind  is  dircrled,  lo  diftiogui^  it  ftnm 
the  otber  fovt  which  it  coiled  lo  windward.  Ltt  Gagt — a  aUp  or  teet  to  leeward  of 
another  )■  mid  to  hanelbe  lee-gage.  Lcc-LurcAn — theiudden  and  Tlolent  rolls  i4iuli 
■  (hip  ofteo  lakFt  lo  Icenonl.  in  a  high  soa,  porticuloriy  when  a  large  mte  strikes  her 
on  tbe  ■ealber-sidc.  Iji-^uarlrr — that  quarter  of  a  ship  which  is  on  Ibe  lee  side. 
/>e-5*ar>  ttt  shore  upon  which  (he  wind  blows.  Lti-ntU — that  half  of  ■  ship 
Jangthwioe,  which  Iks  between  a  line  drawn  Ihrmigh  tbe  middle  of  her  lengtb  Knd  llic 
•ide  wfaicb  ii  rajthesl  froai  the  point  of  wind,  Tol^evatiJ — towards  that  part  of  the 
kotiton  to  which  the  wind  blows.  Lertcari-Sltip — a  ship  that  Iklls  much  lo  lee* 
wnrd  of  hoT  coarse,  irbcu  sailing  close  hauled,  txemard  Tidi — n  tide  that  acta  to  lee- 
Lee.  B'aj.  The  lateral  niDvcmcnt  of  a  jhip  lo  Icewaiil  of  her  course  j  or  the  aiiglewhlfh 
the  line  of  her  way  niitkcs  ivitli  a  line  in  the  direction  of  her  keel. 

To  lit  ^ang.    T«  be  pressed  down  sidewtjt  bf  a  weight  of  luil  in  a  bcsh  nind. 

itiikii.    thcbotdtrsaredgeiafatEiil. 

'J'e  tit  la.  To  relanl  a  ship  in  ber  course,  by  arranging  tbe  sails  in  such  a  manner  at 
to  rounttnei  encb  other  with  nearly  on  equal  elTDrt.  and  render  the  ship  almcst  iiu- 
atncoMe  with  reapecl  lo  ber  progressive  motion  or  head  way.  ^ 

JJ/U.  Tie  nipeawhicheomelo  tbe  ends  of  Ibe  jonls  from  the  mast-beads,  and  b;  which 
tbey  an  Mnpeoded  when  lowered  down. 

Umbm.  or  Umitr-luUt.  Square  holes  cut  ibrou^  ihc  lower  port  of  ■  ship's  Boor  fbn- 
ben,  TotyMartbe  keel  ;  forming  a  channel  for  naler.  and  communicating  with  tH^ 
punp-wdl  UkRi^Mut  the  whole  lenftb  of  the  Boor. 

JM.     lacHac.     fhtiSip  koi  aJfiClDporf.that  is,  she  heels  to  Ihc  huboard. 

J^g,  and  Ltg  Ifxe,  b;  which  the  ^p'a  path  is  measured,  and  her  rate  of  going  lOAi- 

£<y  *««rA  on  whieh  is  marked  the  transactions  of  the  ?hi/,  and  (him  thenee  it  i>  copied 

iuto  the  log-book  ever]  34  boura. 
A  Long  St4.    A  onifonn  motion  of  long  watei. 
IimIi  tut.    A  watchful  attention  to  some  important  object  or  ocnl  that  is  expect)^  lo 

utoe.    Hui  persons  on  board  of  a  skip  ore  occaoonallf  stationed  to  toot  out  far  Kg- 

luls.  slier  abips.  for  land.  &.c. 
T»  t^cae,     Toonfurl  orcosllao'c  any  sail. 
r*  L«per.      To  cose  down  gniduolly. 
tjf.    The  order  to  the  steersman  to  put  the  helm  towards  tbe  lee  aide  of  the  )bip  in 

0»*«  lo  sail  nearer  lo  the  wind. 
T»  ih*kt  m  toard.     To  run  a  certain  distance  upon  one  tack,  in  beating  to  nindwunl.    To 

vaJttJiiil  naler — to  mud d)  the  water,  by  running  in  shallow  plncea,  so  that  the  sbiiTs 

k«l  diftinrtM  tbe  mud  at  the  bottom.     To  oiaki  iidl — (o  inereoie  tbe  quantity  of  sail 

already  set,  either  hj  unnicling  or  by  settin-  others.      To  maki  tt*m  loajf— to  retieal 

OriBO*e  with  tbe  stem  foremost.     To  makt  Uc  iojtd— To  ditcover  it  ftcm  abr.     Ta 

amkitttlii- — to  leak. 
To  mm  tht  <jard,  fu.    To  place  men  on  the  yard,  in  the  lojis,  down  Ibe  laddor,  fcr,  to 

•Joeulc  any  neecosaiy  duties. 
•Vmt.    TIic  upright  timber  or  trees  on  which  the  yards  and  isils  arc  set, 
Milfd.     Hating  all  her  masts  couiplttc, 
-Snsrf  tki  imiet.    Put  on  more  lerTici-. 
■Httttnttr.    A  smairklndofeoble.  which  being;  brougklW  lb' "P'Wn-  orf  the  caUo  by 

whlcii  Ike  afcip  rides  made  (hot  to  iL  it  pnrehons  Ibe  anchor. 
>V  mUdltmnpt.    To  double  it  iato  isocquil  Mtcts. 

L  1 


£^8  EXPLANATION  OF  SEA  TERMS. 

To  ndss  ata^*    A  ship  is  said  to  mis9  stays  when  her  head  wiH  not  fly  up  into  tkedkee-' 

tion  of  the  wind,  in  order  to  get  her  on  the  other  tack. 
JMisen  nuui.   The  mast  which  stands  abaft,  and  from  which  its  rigpng  and  nfla  wMt 

named  ;  as  of  the  sails,  mizen,  mizen-top-sail,  &c.   and  so  also  aie  the  other  mSbt, 

&c.  named  from  the  other  masts. 
JSIoor,  is  to  secure  a  ship  with  two  anchors.    Mooring — securing  a  ship  in  a  puticalar 

station  by  chains  or  cables,  which  are  either  fastened  to  an  adjacent  Am  or  to  an- 
chors at  the  bottom.    Mooring  service — when  a  ship  is  moored,  and  rides  at  ona 

cablc>  length,  the  mooring  service  is  that  which  is  at  the  first  ipliee. 
Mouse,  A  kmd  of  ball  or  knob,  wrought  upon  the  coUar  of  the  stays. 
Muster.     To  assemble. 

^Yarrows.     A  small  passage  between  two  lands. 
^Vetqte  Tides,    The  tides  in  the  ftrst  and  last  quarter  of  the  moon,  and  are  not  either 

so  high,  so  low,  or  so  rapid  as  spring  tides.    A  ship  is  said  to  be  henu^^  whence 

has  not  water  enough  to  take  her  ofi'  the  ground,  or  over  the  bar,  &c. 
JV«ar,  or  noiuar.    An  order  to  the  steersman  not  to  keep  the  ship  so  close  Co  the  wind. 
JAppers,    Certain  pieces  of  cordage  used  to  fasten  the  messenger  to  the  cable  ia 

heaving  up  the  anchor. 
yothing  off,    A  term  used  by  the  man  at  the  cun  to  the  steersman,  directing  him  not  to 

go  from  the  wind. 
Mn  buoy.    The  kind  of  buoys  used  by  ships  of  war. 
Oakum.    Old  rope  untwisted  and  pulled  open. 
Cff  and  on.     When  a  ship  is  beating  to  windward,  so  that  by  one  board  she 

towards  the  shore,  and  by  the  other  stands  out  to  sea,  she  is  said  to  stand 

shore. 
Offing.     To  seaward  fVom  the  land.    »9  skip  is  in  the  offing,  that  is,  she  is  to  senwaid,  at 

a  ^stance  from  the  land.     Slu  stands  for  tke  offing,  that  b,  towards  the  sea. 
Ojjfward.     From  the  shore,  as  when  a  ship  lies  aground  and  leans  towards  the  sea,  she 

is  said  to  heel  qfftonrd. 
On  board.    Witliln  the  ship,  as,  he  is  come  on  board. 
On  the  beam.    Any  distance  from  the  ship  on  a  line  with  the  beams,  or  at  ri|^  tni^ 

with  the  keel.     Sec  Bearing. 
0)1  the  bow.    An  arch  of  the  horizon,  comprehending  about  four  points  of  the  compass 

on  each  side  of  that  point  to  whieh  the  ship^s  head  is  directed.    Thus,  they  saj,  the 

ship  in  sight  bears  three  points  on  the  starboard  bow  \  that  is,  thne  pmsto  towards 

the  right  hand,  from  that  part  of  the  horizon  which  is  right  a-hcttd.    See  Btarmg, 
On  the  quarter.     An  arch  of  the  horizon,  comprehending  about  four  points  of  the  com- 
pass on  each  side  of  that  point  to  which  the  ship^s  stem  is  directed.    See  On  fht  kmt. 
Open,    Tlie  situation  of  a  place  exposed  to  the  wind  and  sea.     It  is  also  fnircswd  of 

any  distant  object  to  which  the  sight  or  passage  is  not  intercepted. 
Open  Hawse.    W  hen  the  cables  of  a  ship  at  her  moorings  lead  strai^t  to  their  rmpeci- 

ive  anchors,  without  crossing,  she  is  said  to  ride  with  an  open  hawse. 
Orlop.     The  deck  on  which  the  cables  arc  stowed. 
Over-board.     Out  of  the  ship  ;  as,  he  fell  over-board,  meaning  he  fell  out  of,  *or  firon 

the  ship. 
Overgrown  Sea,  is  expressed  of  the  ocean  when  the  suiges  and  billows  rise  liiemoiy 

high. 
Overhaul.    To  clear  away  and  disentangle  any  rope  ;  also  to  come  up  with  the  chaif  i 

as  we  over  had  her,  that  is,  wc  gain  ground  of  her. 
Ovtr-Rake,    When  a  ship  at  anchor  is  exposed  to  a  head-sea,  the  vaves  of  which  break 

in  upon  her,  the  waves  are  said  to  over-rake  her. 
Over-set.     A  ship  is  over^set  when  her  keel  turns  upwards. 
Out'of-trinu    The  state  of  the  ship  when  she  u  not  property  balanced  for  the  pnipQiq 

of  navigation. 
Parcel  a  rope.    Is  to  put  a  quantity  of  old  canvass  upon  it  before  the  service  ii  p8t  Qs. 

Parcel  a  seam — is  to  lay  a  narroiv  piece  of  canvass  over  it  after  it  is  t^^nt^  beM  ft 

it  is  payed. 
Parliament  hiel.     The  situation  of  a  ship  when  she  u  made  to  stoop  ft  little  to  one  9i0j 

so  as  to  clean  the  upper  part  of  her  bottom  on  tlie  other  side.     See  Bool-fflp|paif* 
Parting.     Being  driven  from  the  anchors,  by  the  breaking  of  the  cahle. 
Patol.     A  short  bar  of  wood  or  iron  fixed  close  to  the  capstan  or  windlass  of  a  liUf,  ^ 

prevent  those  engines  from  rolling  back,  or  giving  way,  when  they  are  chaifsl  w 

any  great  efibrt. 
To  Pawl  the  capstan.     To  Gx  the  pawb  so  as  to  prevent  the  capitftn  tnm 

during  any  pause  of  heaving. 
To  pay.    To  daub  or  cover  the  surface  of  any  body  with  pitoh,  tar,  &e.  in 

^  vent  it  flrom  the  injuries  of  the  weather. 
Tp  pay  away  or  pay  out.    To  slacken  a  cable  or  other  rope,  so  u  to  let  it  nm  vA  ftf 

some  particular  purpose. 


To  JK")  of-     To  auK  n  ifaip's  head  to  leewaid. 

^b  pttk  lAf  atfit*.     Tu  put  up  Itx  miien  jurd  peipendicrilBr  bj  tUe  most. 

PtrJ:.    To  ride  ■  lUf  peck,  is  nhen  the  caLlr  and  Ihe  rarp-ati;  roim  a  line.      To  tiiU 

a  fluirl  ftdc,  it  when  the  aiiXe  a  lo  much  in  an  to  licjtroj  ihr  line  formed  bj  Uie  »tB)- 

peck.      TV  ridt  \inth  thi  yarib  a  pttk,  is  to  haie  Iheni  lopped  up  ItJ  cuDlni7  lUU,  su 

w  to  reproenl  Si.  Andrew's  cro«. 
Pai^L    The  Ion;  nirrow  flag  worn  »t  the  niiuil-hea'l  by  all  ibips  of  thenavj.     Brarr 

PmJ— li — ue  IhoK  ropes  whicb  secure  (he  l^race-blocki  to  the  yiird  rmn^,  and  arc  in 

gBDcral  double,  in  ciue  of  one  being  shot  airii]',  the  other  miy  secure  Ihe  ranis  In  iLt 

pwT  poriiiun- 
ftm/Pntrfoit.     A  kind  of  flag  terminating  in  a.paint  used  lo  dutingoisti  Ibe  ehiefor 

a  s^adron. 
KleAng.    The  noiemcnt  of  a  abip,  by  irhieh  she  plunges  her  bead  and  alter  part  al- 

tcmXcl;  into  the  boUuw  of  the  sea. 
PMiK-ManJb.     The  dircclion  of  u  gun  when  levelled  borizantsllr. 
Pvinlt.     A  number  of  plated  ropts  inaile  (kst  to  Ibe  sails  for  the  purpose  of  reeGng. 
Ptnp.     The  highest  anil  aftermost  deck  of  a  ship. 
J'aopinf .     The  shock  of  a  h%h   and  hvaiy  sea  upon  the  stem  or  quarter  of  a  ship, 

when  she  sends  tiefare  Ihe  wind  in  a  lempcsL 
Port.     A  Bane  fi>cn  on  some  occasions  to  the  larboard  side  uf  Ihe  ship  ;  as,  the  iBtp 

IhwIs  Io  pon,  lop  the  fards  to  port,  &r. — also,  a  harbour  or  havn, 
PartM.     Theholei  in  the  ship's  sid^s  from  which  the  gum  arc  fired. 
Piml  tilt  hdm  !    The  order  to  put  the  helm  over  lo  the  iHrbaoid  side. 
Part-Uil.     Thei^nnel.  ' 

prtti  of  Sail.     .All  the  sail  that  a  ship  can  set  or  carrj. 
Prrrmter.     Aji  additional  rope  employed  at  limes  to  support  any  oUiet,  uliCn  llic  latUi 

siifiers  BU  umisual  slrain,  partirulnriy  when  blowing  fresh,  or  in  a  gafe  of  wind. 
PuMKg  and  IMplriH.     A  large  and  lesser  pad  made  of  ropes,  and  put  round  the  mail 

under  Uie  lower  yards. 
PuTtAnt.    Any  tori  of  mccbBrticftl  power  employed  in  ruiaing  or  moving  heavy  boiliei-. 
Quartn's.     The  rMpecttte  stallons  of  the  officc.n  and  people  in  lime  of  action.     Quar- 

tiring,  dittribuling  tbc  men  into  dilferenl  places.      It<uii1n.m,  the   Uat  uf  the  ship's 

company,  wilh  their  itBlions  for  aclion  noticed. 
QuvfA^ieind,  is  when  the  wind  blowi  in  fhim  that  jmrl  of  (lie  boilion  situated  on  the 

quarter  of  the  ship.     See  On  tki  quarter. 
Quail,  is  a  rc«  or  cable  laid  ap  roiiad,  one  (hkc  over  another. 
To  RaiK.    To  elCTBte  any  distant  object  al  sea  by  approaching  il  ;  thiu,  (o  nun  iHt 

land  it  used  in  opposition  to  toy  thr  Imtd. 
To  Hala.    To  cuuranade  a  ship  ol  the  itom  or  head,  so  (bat  the  balk  tcour  the  whole 

length  of  the  dccka. 
Pangt  »J  CtUt.    A  lufficient  lenglli  of  cable  drswn  upon  deck  before  Ihe  anchor  it  cast 

Imm,  to  admit  of  iu  sinking  to  the  liolloni  without  any  check. 
lUOma.    T^mall  ropes  faalenedlo  the  shrouds,  by  wbii'b  he  men  go  alalt 
M**ci~    Tie  diatance  between  an;  two  points  on   the  banks  of  a  riier.  nherein  the 

currcM  flow*  in  an  uninlemipted  course. 
Atatf)  ntoHt.'     A  command  of  Ihe  hoatsivain  to  the  erew,  and  implies  that  all  Ibe  bands 

arelo  be  attcntite  and  at  their  stations  for  taeking, 
X««r.     The  laM  diiision  of  a  squadron,  or  the  last  squadron  of   a   licet.     It  ii  applied 

IBxwiar  lothe  last  ship  of  a  line,  squodron,  or  dirition. 
Xh/.     Pan  of  B  sail  from  one  row  of  eTelet-holcs  lo  tnoihcr.     It  is  ^plied  Ubewtsc  (o 

a  chain  of  rocks  lying  near  the  surface  of  the  water. 
Rising.     The  operation  of  reducing  a  sail  by  taking  in  one  or  more  of  the  reefs. 
T»  Airre.     To  pass  the  end  of  a  rope  through  any  hole,  3s  the  channel  of  a  block,  (be 

cavity  of  a  Itaimhle,  &0, 
Mcmdnitg.    The  giving  way  or  yielding  to  the  eflbrta  of  tome  mechanical  power.     Il  is 

■nd  In  eoposition  to  jamhing  oi  sticking. 


In  oppo> 


»/  a  li&f.     A  figurative  eipreasion  for  the  timbers. 

BUt  M  aacW,  is  when  a  ship  is  held  by  her  anchors,  aiid  'it  not  driven  by  mind  or  tide. 

To  rUi  athtoarl,  is  lo  ride  with  the   ship's  side  to  the  tide.     To  riJr  haK.ii  Jattm,  it 

wtieB  the  water  brealis  into  (he  haivse  in  *  rough  Ma. 
"■ffi*^-     A  geoeral  name  given  lo  all  the  rapcg  emploved  to  supporl  the  miuU,  to  «- 

tead  M  reduce  the  lails,  or  Id  smni^  Ibem  lo  Ok  dlspoiiition  of  Ihe  wind. 
At^Mn?.     lUstorli^  a  ship  lo  an  u|iHgli(   uosilirati,  cither  after  she  ha*  been  bid  on  » 

fanwn.  or  alter  she  has  been  presaeil  .lawn  on  ttet  wde  by  the  wind. 

,  l^    :.  ..  ,...;..  ;,  : .i,|s,,ip.  ^^^^  it  hoibwo  puhcd  .either  10  .tatboafd 

*'"£u*"*°*"'    '""""'"•'"ff  <^' "  Pohttt  the  s!ndotajatdlo'iW"''"*'«f»«  of 
£wr  'V  «,/(^     T- to  the  har.  in  ,h^,.^  ^^p^t  i. 


:gl^  Apl«BJieart]ie]MidwfaeietiupsMyaB^0r,bMiihttkBOllM«i^^ 
jftihni»,  vr  gfjffrmrfr  Short  iUt  piec<e  tf  phUtd  rope,  htfing—  qf  wottrt  at 
"^^d;  dMjveiiiodinpaintotMtkeaiVor^dKotortkofaHttMaototMrnifw 

ymio* 
JWiMi    Tbe  motion  b]r  which  a  diipraekilrom  tide  to  tide  Ifto  a 
JUuff^Trm.    A  name  tpplied  to  any  mast,  yard,  or  booa,  ptaoed  m 

as  a  rail  or  Ibnee  above  the  Toaad'a  tide,  firan  the  4|DaiteiHleek  to 
iZipioulhif-te.    The  pulling  upon  any  rope  which  paioes  thnrngh  one  or 

a  diraStion  nearly  horixootal ;  aa,  rmmd  m  the  weather-bracea. 
Rmmdimg.    Old  ropea  Ihstened  on  the  cable,  near  the  anchor,  to  keep  il  frtoa 
Rmmdimm.    The aitoation  of  the  two  cablea  of  a  ahi^  when  maond,  after  tfwy  have 

been  aereral  timea  croaked  by  the  iwiitging  of  the  ahip. 
RmmMng'Vp,    Similar  to  roim4tM^-m,  except  that  b  applied  to  ropes  aad  Uocfcs  'ddd 

act  in  a  perpendicolar  direction. 
Jb  Raw,    To  more  a  boat  with  oan. 

Rawtimg.    Polling  up  a  cable  or  rope  without  the  ami  tanoe  of  tackle9» 
Jto4der.    The  nkschine  by  which  the  ship  is  steered. 
MUdhek*    The  aiehe  in  a  boat*s  side,  in  which  the  oars  are  used. 
Run,    The  aftermost  part  of  a  ship's  bottom,  where  it  graws  extramely  ■arrow  m  &» 

stem  approaches  the  stem-poeL    Ron  is  also  the  dktaace  sailed  by  a  ship ;  and  a 

Ukewise  used  by  sailors  to  imply  the  agreement  to  work  a  aiagb  paaaafaUpMiaie 

plaee  to  another. 
To  nan  atd  m  wmrp.    To  cany  the  end  of  a  tope  out  from  a  ahip,  ia  a  boat,  aad  (Ma 

it  to  aome  distant  ol^ject,  so  that  by  it  the  ship  may  iie  removed  by  poIUngon  It. 
To  $ag  io  Ueward,    To  make  considerable  lee-way. 
BaUfrng-Mm  Is  expressed  of  a  ihip  when  in  the  best  state  ibr  sailiag. 
8ke  omit  or  oends.    When  the  ahi^'s  head  or  stem  ftUs  deep  in  tto  troq^  of  the  iM' 
Seqntmg.    The  Tsriation  of  die  wud,  by  which  it  becomea  nnfimmrabm  to  a  ihfp^ 

making  great  progress,  as  it  deriates  from  being  buge,  and  oUlgea  the  vcaaal  tialeer 

doae  hauled,  or  nearly  so. 
SM,    To  go  right  before  the  wind  ;  and  goti^  in  this  direction  wilhoot  aaj  aril  tti 

is  called  MMOiSaf. 
SemtUng.    Cutting  laige  holes  throng  the  bottom  or  sides  of  a  ahip,  ettbartosiak  her, 

or  to  unlade  her  expeditiously  whmi  stranded. 
Seo,    A  laige  wave  is  so  called.  •  Thus,  they  say  a  keary  tea.    It  laaiiaB  likawiie  the 

agitation  of  the  ocean,  as,  a  greof  MO.    It  expresses  the  directioa  of  thawctea,  as,  a 

kiadata,  A  Iswg  t ta  means  a  uniform  and  steady  motion  of  long  and  eitaBah  e  watt* ; 

a  short  sea,  on  tiie  contraiy,  is  when  they  ran  irregulariy,  broken,  and  fatentapled. 
Sh-boat.    A  Teasel  that  bean  the  seafirmiy,  without  stnuning  her  maatoj  Ice 
Sem-^oUuM.    Jackets,  trowsers,  &c 

5«a<-marJe.    A  point  or  otgect  on  shore  conspicuously  seen  at  aea* 
^fff-nmn.    A  su£Scient  distance  flrom  the  coast  or  any  dangerous  roeks,  Ite.  ao  that  a'liiip 

may  perform  all  nautical  operations  without  danger  of  shipwreck. 
Seize,    To  bind  or  make  fast. 
ikrve.    To  wind  something  about  a  rope  to  prevent  it  from  chafing  or  fretting.   1^ 

aenricc  is  the  thing  so  wound  about  the  rope. 
SelUmg,    The  act  of  observing  the  situation  of  any  distant  ol^leetby  the  compaai. 
7*essf  taSL    To  unfurl  and  expand  the  sails  to  the  wind,  in  order  to  give  aaotioa  toAf 

ship. 
To  tel  ^p.    To  increase  the  tension  of  the  ahrouds,  back«atay8,  £lc.  by  taddii,  fni- 

ards,  &c. 
SeUU.    To  lower ;  as,  seUle  the  lopeaU  Ao/ucnfs,  lower  them. 
To  8€ttU  the  UmtL    To  lower  in  appearance.    It  is  synonymous  with  Colsy  Ihs  IsadL 
Sfhwnk,    The  beam  or  shaft  of  an  anchor. 
Shmk'pamUr.    The  rope  by  which  the  shank  of  the  anchor  is  held  ap  to  the  ihip^ 

side ;  is  also  made  fast  to  apiece  of  iron  chain,  in  which  the  shank  oftheaadwrhi<B»' 
To  sAi^  a  course.    To  direct  or  appoint  the  track  of  a  ship,  in  order  to  proaaoalaft 

voyage. 
&ieer.    The  aheer  of  the  ship  is  the  curve  that  is  between  the  bead  and  thaaleiB 

her  side.     The  sAtp  aheere  about,  that  is,  she  goes  in  and  out. 
7e  ihoeroffi    To  remove  to  a  greater  distance. 

Shoer$,  are  span  lashed  together  and  raised  up  for  the  purpose  of  getting  out  ar  in  • 
SheoL    A  it^  iWened  to  one  or  boUi  of  the  lower  coroen  of  a  aafl,  hi  ariw  to  ai- 

tcndand  retain  itin  a  particular  situation.    When  a  ship  sails  with  a  aide  wMi  the 

lower  comer  of  the  main  and  fore-eaib  are  fastened  by  a  tack  and  a  ahaa^  llm  mmm 

bai^g  to  windward,  and  the  latter  to  leeward  ;  the  tack  is,  however,  oa^  dfaafid 

wiUi  a  store  wiad,  irimiaas  the  sail  is  never  apiaad  without  the  asrirtaiwa  rf  aaa  ar 

Mh  of  j|m  sheets  s  the  itiy  mBs  and  stoddea-aias  have  only  aoe  tack  aii  a«»#Mt 

<9<^  ,  llie  itay-siA  mcki  ire  ftateAcd  fiinrafd,and  the  abaeta  diava  aft,  Mfta 


liXPIiiSATIOS  ttf  SKA  llBmiii. 


ftnddciHNn  t*cfc»  di»w  the  outer  corner  oT  tlie  ail  to  tbe  e^ticmilf  of  tht  boon, 

while  Ibeikeel  a  employed  lo  eilcnd  the  inner  cornet. 
To  itM*  Amu.    To  IuuI  the  sheets  of  i  loil  bamt  to  the  blork  on  the  ;»rd-ann. 
Tt  akift  Iht  ktlm.     To  &IUr  iu  position  ft-am  right  lo  Ittt,  or  from  left  to  r^t. 
:f'af%k    Tolakaui;  penon,  goods,  or  Ihing  on  board.     It  also  implies  to  fix  any  Ihing 

ia  lb  pnpor  place,  a*,  to  iliip  the  sari,  to  fix  them  in  their  rullocks. 
Ship  »J>^(.    In  aseunan  bke  muiner  ;  ss.  thai  miul  ii  uol  ri^^dihui-9bai)ie  ;  put  brt 


StM  lit  «wto.  A  small  bkick  oT  wood,  c 
clentlj  lar^  to  coDtain  tlic  point  of  the  . 
preTcnt  the  atidiur  rrom  tearicg  the  pbuilu  on  tl 


Store. 


SiiMfing.    The  state  of  a  isil  vheti  flutteriiiE  io  Ibe  wind. 
SiMd.    Shallow. 

I  on  the  bacl^  sjid  hating  ■ 
—  "Ite  on  the  fore  side  ;  I" 

e  sbip'g  bow,  wbrn  a 

dJ  a-ieorf.    To  advance  foraanl. 
A  general  unme  for  the  sea  tout  of  anycaunlrf. 
To  sJlorlsN  toil.     Used  in  appoaition  to  noL't  mil. 
Sknmdt,     A  range  of  Urge   rope*  utcndcd  from   (he   a; 

side*  of  ■  tkip,  to  sDpport  Ibe  imuti,  and  enable  Ihciu  ii 
^imelf.     A  smdl  plaited  rope,  mads  from  ropc-jarni. 
SlatlMealtr.    Tin  interval  between  ihr  Rui  and  rcflui  ot 

Fet«q>tiU«  JD  the  Biter. 
SlaM,  is  applied  lo  the  period  of  atransilor^  biceie. 
ToitipUireaik.     To  let  it  run  quite  out   when  Ihcro  u  no 
TV  Mir.     To  turn  anj  ejlindiiciil  piece  0]  limber  about 

Tbus,  to  sbt  a  moil,  or  ItomH,  it  to  turn  it  in  its  cap  or  I 

package  or  cn^  round. 
Sand.    To  trj  (he  depth  of  water. 
Sgmuliiif-imi.     A  line  lo  sound  with,  wliidi  i*  marked  in  the  followii^ 

leather  at  I  and  3  fatbomt,  nhile  9t  5,  red  at  7,  Mark  at  10,  while  al  13,  (tome  sra- 

nwD  uacUackat  10  and  13)  while  nl  1 J  as  al  S,rcil  al  17  as  al  7,  two  knots  al  la 

fathoBi,  and  aa  additional  knot  al  eTer]'  ten  falbanu,  Kilh  a  liogle  kiuM  niidwa; 

Iwoen  each  10  blbonu,  lo  mark  the  line  at  gtctj  fin  fatbotna. 
To  ifnU  lit  Mtun.    To  lei  go  the  aboet  and  peek  it  op. 
7a  tpilL     To  disebaixe  Ibe  wind  out  of  Ibe  CDTil;  or  belli  of  n  sail,  wtwn 

iipin  the  brail*,  in  order  lo  fiiri  or  net  it. 
Spitting  Hnti.  are  rOpc«  conlriteut  to  keep  the  sails  frooi  bcinj  bloira  awav,  when  Ibe; 

are  clewed  af  iii  blowing  nealber. 
Spiict.    To  make  two  ends  of  ropes  fast  IsR^ther  liir  Dni«istjng  (bcm,  sod  then  patlini; 

tbc  stnadi  of  one  piece  with  the  sliandi  of  the  other. 
ffiU.     TbesIUaof  asail  rent  bT  tbo  Tioleiice  of  the  wini 
Spaaa-drift.     A  lorlor  showery  sfrinkling  of  the  sea  water,  swept  from  (he  surlhce  of 

the  waTea  ia  ■  lempc^l,  and  fljii^'  Ike  a  rapour  befsTB  Ihe  wind. 
Sprwf.    The  ipriaUing  of  a  sea,  driien  occasionallj  from  Ifao  top  of  a  w»e.  and  not 


0  wr^h  Ibe  anclior. 
•rilhout  Icmotiiig  ;; 
'on.    Also  to  turn  an; 


lorprfag. 


first! 


tack  a  tnatl,  yard,  It^.  h j  moant  of  stnining  in  blow. 
cd  unsafe  foruse.  7>  iTirjn;  a  Uat.  When  »  leafc 
}  iprin;  a  leak.  To  svriag  tht  lifff.  A  &hip  is  mit  tu 
lo  the  effort  of  Ibo  bclai,by(3ilinsneiir«r  to  the  wind 


ymg  her  luff,  when  the  jield*  l( 

than  before. 
S/frinf-itafi,  are  rather  iniallcr  than  tlie  itaja,  ind  ploeed  ahoic  ilicm,  and  intended  lu 

ansnt  the  purpose  of  the  ttay,  if  jl  ihoulJ  be  shot  aivay,  (tc. 
Sfting-tidta.  are  Ihe  liile.i  it  new  and  full  moon,  whirb  flow  highest  and  ebb  lowe<l. 
Spariinc  line,  is  a  line  thai  ^oei  round  a  am^  barrel  nbafl  the  barrel  of  the  iriwrl, 

and  coming  to  the  front  beam  of  the  poop  deck,  moics  the  lell-lale  with  Ihe  turning 

of  the  wheel,  and  keeps  il  always  in  such  posilion,  a*  to  showthepositianof  the  lillirr 
J-fwr  ibers,  are  laije  pieces  of  timber  n-hieb  come  abaft  (he  pump  well. 
AfiidL     A  sudden  violent  blast  of  wind. 

SfHBR.     Thii  term  i*  applied  to  yards  ihslareieiy  Ion;.  a»  Isuiif  i*  to  high  masts. 
7'a  sfUB-r  (**  jarJj.     To  brace  Iho  yards  so  as  to  bang  al  right  angles  wiUi  the  terl. 
Tl  (laid  on.     To  continue  adiancin^.      Ta  stand  in.    "To  luliance  towards  Iba  shoir. 

To  italrf  tff.    To  recede  from  the  shore-  • 

Skrttmd.    The  rtgbl  hand  siile  of  the  ship  when  tookingt  foncnnl-     St^rlnvnl-loci. 

AiUp  ii  «id  to  be  on   (he  slm-bmrd  lorit  when  sailing  nilb  the  wind   blowing  upon 

hor  atartoar^  side. 
•J|^*f*^'*s  Mm!    An  order  to  pmb  (he  helm  to  the  stnrbosrd  side. 
jtstM  *tilp.     To  arranin  the  sails  and  mose  the  nidder  so  as  to  bring  (he  ritip'g  hnil 

1"  the  Arrnjan  nf  i\ir  wini!.  in       ■      ■         ■  '  ..-..- 


>'  dlrrtjan  of  the  wind.  In  orl-r 


'  fnh*r  tBct. 


2C^  '  E.XPI>AKATIO>[  OF  ^BA  TBBMEp 


^tft,    Laxge  ropes  coining  from  the  mast  bttds  down  before  the  masts,  (9  ffBeflBl 

tiiem  from  springing,  when  the  ship  is  seadfaif  deep, 
fi/eody  /    The  arder  to  the  hehnsmen  to  keep  the  ship  in  the  direetioii  sbe  b  ^ofai^  it 

that  instant 
Blaring,    The  art  of  direetine  the  ship's  way  by  the  movement  of  the  helm. 
8t$ef&ge-way.    Such  degree  of  progressiTe  motion  of  a  ship  as  will  gire  eftet  to  tile 

motion  of  the  helm. 
Stem,    A  circular  piece  of  timber,  into  which  the  two  sides  of  a  ship  are  united  at  the 

fore  end ;  the  lower  end  is  scarfed  to  the  keel,  and  the  bowsprit  rests  on  tho  upper 

end. 
To  stem  the  tide,    Wlicn  a  ship  is  sailing  against  the  tide  at  such  a  rate  as  enaUea  ber 

to  OTercome  its  power,  she  is  said  to  stem  the  tide. 
Sleeve,    Turning  up.    The  bowsprit  steeves  too  much,  that  is,  it  is  too  nprig|it. 
SUmfasl.    A  rope  confining  a  ship  by  her  stern  to  any  other  ship  or  wharf. 
^^temmost.     The  furthest  astern,  opposed  to  headmost, 
Stemioay,    The  motion  by  which  a  ship  falls  back  with  ber  stern  foremost. 
Stiff,    The  condition  of  a  ship  when  she  will  cany  a  great  quantity  of  sail  witftonf 

hazard  of  oversetting.     It  is  used  in  opposition  to  ermik. 
Stoppers,    Large  kind  of  ropes,  which,  being  fastened  to  the  cable  in  different  fkusts 

abaft  the  bitts,  are  an  additional  securit}  to  the  ship  at  anchor. 
To  stow.     To  arrange  and  dihpose  a  ship's  cargo. 
Strand.    One  of  the  twists  or  Uiviiiions  of  which  a  rope  is  composed.     It  also  im^i^ 

the  sea  beach. 
Stranded,    This  term,  speaking  of  a  cable  or  rope,  signifies  that  one  of  its  straadji  U 

broken :  applied  to  a  vessel,  it  means  that  she  has  run  aground  and  is  lost. 
To  stream  the  buoy.    To  let  it  fall  from  the  ship's  side  into  the  water,  previously  to  dsf- 

ing  anchor. 
Stretch  out,    A  term  used  to  men  in  a  boat  when  they  should  pull  strong. 
To  strike.    To  lower  or  let  down  any  thing.     Used  emphatically  to  denote  the  lowering' 

of  colours  in  token  of  surrender  to  a  victorious  enemy. 
To  strike  sounding.    To  touch  ground  when  endeavouring  to  find  the  depth  of  witer. 
Suedj  or  Sewed,     When  a  ship  is  on  shore  and  the  water  leaves  ber,  she  b  said  to  ffc 

sued  ;  if  the  water  leaves  her  two  feet,  she  sues,  or  is  sued  two  feet. 
Surf,     The  swell  of  the  sea  that  breaks  upon  shore  or  on  any  rock. 
To  surge  the  eastern.     To  slacken  the  rope  heaved  round  upon  it. 
Sway  away.     Hoist. 

Swell,     j  he  fluctuating  motion  of  the  sea  either  during  or  after  a  storm. 
Sweeping,    The  act  of  dragging  the  Inght  or  loose  part  of  a  rope  aloi^  the  soifiioe  of 

the  ground,  in  a  harbour  or  road,  in  order  to  drag  up  something  lost 
Swinging.     The  act  of  a  ship's  turning  round  her  anchor  at  the  change  of  wind  or  tide. 
To  tack.     To  turn  a  ship  about  from  one  tack  to  another,  by  brii^ng  her  head  to  tibe 

wind. 
Taffarel.     The  uppermost  part  of  a  ship's  stem. 

Taking  in.     The  act  of  furling  the  sails.     Used  in  opposition  to  setting. 
Taking  aback.     See a-back. 
Tamkins,  or  Totnkins.    The  bung,  or  piece  of  wood,  by  which  the  mouth  of  a  cannon 

is  filled  to  keep  out  wet.  * 
Tarpaulin,     A  cloth  of  canvass  covered  with  tar  or  some  other  composition,  so  as  to 

make  it  water  proof. 
Tmtght.     Improperly  though  very  generally  used  for  tight, 
Tmmt,     High  or  tall.     Particularly  applied  to  masts  of  extraordinary  length. 
Tell'ttde.     An  instrument  which  traverses  upon  an  index  in  the  front  of  the  p<K>p-dec^ 

to  show  the  position  of  the  tiller. 
Tending,    The  turning  or  swinging  of  a  ship  round  her  anchor  in  a  tide-way  at  the  be- 
ginning of  ebb  and  flood. 
Thwart.     See  a-thwart.     Thwart  ships.     Sec  a-thwart  ships. 
Thus.     An  order  to  the'  helmsman  to  keep  the  ship  in  her  present  situation,  when  s^ul* 

ing  with  a  scant  wind. 
To  tide.    To  work  in  or  out  of  a  river,  harbour,  or  channel,  by  favour  of  the  tide,  aad 
,     anchoring  whenever  it  becomes  adverse. 
Tide  it  up.     To  go  with  the  tide  against  the  wind. 

Tide- way.     That  part  of  the  river  in  which  the  tide  ebbs  and  flows  strongly. 
Tier.     A  Aiw  ;  as  a  tier  of  guns,  a  tier  of  casks,  a  tier  of  ships,  &c.   Tier  qf  a  coUf. 

A  range  of  the  fakes  or  windings  of  a  cable  which  are  laid  within  one  another,  in  a 

horizontal  position.     Cable  Tier — the  space  in  the  midst  of  a  cable  when  it  is  eoM; 

also  the  place  in  which  it  is  coiled. 
Tiller.    A  large  piece  of  wood  or  beam,  put  into  the  head  of  the  rudder,  and  by 

of  which  the  rudder  is  moved. 
Topping,    Fulling  one  of  the  cn»1s  of  a  yard  higher  than  the  other. 


EXPLANATION  OF  SEA  TERMS- 


I 

Hn«ri».    Todnw  ohipinthc  wMer  bjtnpc&ied  toabont  or  dUiet  (hip  which  b 
^H-   lOwiagaraiiliDe  un. 

9^a  luif.    A  «BiU  buncr,  at  n>p«,  used  lo  tanoit  •  thip  rmm  age  put  of  m  hubour 

TVsDKiu.  Certain  beaou  or  limb«n  ^tended  lennt  the  itcfDpost  ora  ship  to  foftiT; 
fcer  after  pact,  aod  ta  giw  il  the  figure  miMt  auiLabk  lo  tfac  tenite  for  whkh  the  is 
nlcnWed. 

TVawnr.     To  go  backwirda  and  farwardi. 

Tlnxnaib  or  Tnmaals.  Long  wooden  pioietuplajed  toroODFCt  ibe  plankj  orihesliip'a 
aide  and  bottom  to  the  correipaading  timiwn. 

Trry-oiL      A  small  nul  used  by  cullen  and  briga  in  Uonii^  netlber. 

7*riCf  Mrf  B^,     To  haul  up  and  fasten- 

Twim.  The  ilale  or  diapnitioD  bj  *thicli  a  ship  ii  best  calculated  for  the  purposes  OT 
DiTigation.  To  him  thi  hold—to  arrange  the  cargo  reguliirl!.  To  Ijim  l\t  Hfb — to 
diipaae  (he  aaili  in  the  best  arranjemtnt  for  the  cuumc  wbich  a  ifaip  li  iteering. 

To  trip  thi  anchor.     To  Irmseo  the  anchor  rratn  the  ground,  eitbrr  br  dciign  oraccident. 

Trmgk  tf  IW  S«.    TUe  hollotv  bel»eeti  two  w=.m. 

Tntk.  A  nnnd  piece  oT  wood  put  upon  the  (op  o(  dig-ttarct,  with  riieaics  on  Mch 
aide  Oh-  the  haliards  of  Ihc  Rags  to  ree>e  in. 

Timaig  to  itiKdicarJ.  Thai  operation  iu  aailinf.  nherebj  a  ship  eadcaToun  to  iil- 
rantt  igainsl  (be  wind. 

Ta  Uii^aU.     Td  discharge  tlic  ballaft  aal  o(  a  thqi. 

TV  UHitBd.  To  take  the  mitt  off  Irom  their  jardi  and  b(ij>.  To  caat  loose  Ihe  an- 
chor bam  (he  cahle.     To  untie  two  ropes. 

To  UhUI.     To  remote  the  turns  of  a  cable  from  off  the  bit*. 

ISmdirJoil,  a  eipreued  of  an  anchor  that  is  direcU)  under  the  ship. 

TJndrr  itaty  or  uruter  Koy.     ^^  hen  a  sbip  is  lailifig  she  ift  ivid  to  be  uiuUt  tray. 

l/ndrrUu  Ut  of  Uu  ihori,  ia  to  be  close  under  the  shore  Htucb  lies  to  windward  of  the 


angle  and 


r,  aAer  she  has 


'  tack  to  the  other,  bj 


To  Uartnt.    To  draw  »  rope  from  out  of  a  block,  timb 
To  Unrif.    To  depriiE  the  ship  of  her  rigging. 
L'rrow.    The  piece  of  nood  bf  which  the  le^B  of  the  rn 
fan.    The  forenost  diiision  of  a  ileet  in  one  line-     It 

Dtmt  (hip  of  adirision. 
I'cu.    A  SDiaD  kind  of  flag  worn  at  each  mast  bead. 
To  Vttrar  Wtvthe  ihip.     To  cbange  a  sb 

tomiEg  ber  sKrii  (o  windward. 
f'lTT.     Le(  out,   as  veer  awajr  the  cable. 
>'frr.     Shift.     The  wind  lern,  that  is,  it  shifts,  changes. 

To  fttr  snJ  Havi.    To  pull  ■  rope  ligfal  by  altemalelj  drawing  it  in  tnd  altcteniiig  it 
t'lol  er  fvgtt.     A  block  thiuugh  wbuh  the  messenger  pasaea  in  weighingtbe  asuor. 

A  lai^  Pkeasenger  is  called  a  vial. 
^  ■       The  path  or  Irsrk  impressed  on  the  water  bj  the  ship's  pining  thrvugli  it, 
'  ga  smoothneu  in  the  sea  behind  it.     Aship  is  said  lacome  intothe  wake  of 
a  when  she  follows  ber  in  the  lame  tnck,  and  is  chiefl;  done  in  bringint  ships 
•^  or  in  forming  the  line  of  battle. 
VUrs,  are  strong  timbers  that  go  round  a  ship  a  little  above  her  water  line. 
W^rp.     A   smail  rope   employed  occasiooaOy  la  remove  a  ship  Grom  one  placer  tt) 

To  Worp.     To  TEmoie  a  ship  bv  menns  of  a  wlTp.  ' 

ff'ofl.     That  part  of  asbip  coniaioed  between  the  quarter  deck  and  the  fore-casUe. 

WMer  Knf.     The  line  made  bf  the  water's  edge  when  a  ship  has  ber  full  proportion  of 

stores,  &c.  oo  board, 
IVtiTr-barnr.    The  stale  of  a  ship,  when  (here  is  barely  a  suflicienl  depth  of  water  lo 

Boat  her  off  from  the  ground. 
Wotrr-lofftd.    The  slate  of  a  ship  become  beitj  and  iaactii  e  on  the  sea,  bam  the  gnat 

(piaAlil]'  of  water  leaked  into  ber. 
W'ofer^U.    The  stale  of  a  ship  when  not  leak*. 
Wmlur.    Towealherinj'tbiTigisiDgctlo  windward  of  iL    SjooBymDia  wiih  wiuJ- 


llier.  she  is  said  to  hare  Ihe  vialhrr-Ko^  nf  her    WiallteripiiirUr.  TbUtpMittraC 
'^   >hip  vkirb  is  on  Ihe  windwnid  Hid"-      ft'r<ilhtT-ri<lt.     The  side  ui>on  wUdi  Ibe 
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To  Wdgh  Jinchor.    To  heare  up  an  andwr  from  the  bottom.  , 

TV  Wiind  c  SAte.    To  cliaage  ber  position,  Mnging  ber  head  where  her  itcfn 

WiMd  road.    When  a  ahip  U  at  anchor,  and  the  wind  being  againet  the  ttde,  la  mi 

■•  to  oreicome  its  power  and  keep  the  ship  to  leeward  of  her  anchof^  Ae  li  «di  %t 

be  Viini-road, 
VfiMPf  efs.    The  point  Arom  which  the  wind  biowa. 
To  WinimanI,    Towards  that  part  of  the  horixon  firom  whkh  He  wind 
Windward  Tide.    A  tide  |hat  sets  to  windward. 
To  Work  n  skip.    To  direct  the  mofements  of  a  ship  by 

the  mdder  according  to  the  coarse  tlie  ship  has  to  make. 
To  iBork  to  windward.    To  make  a  progress  against  the  directioa  of  the 
WooUL    To  bind  round  with  ropes. 
Yardi,    The  spars  upon  which  the  sails  are  spread. 
Tawing^    The  motion  of  a  ship  when  she  deviates  firom  her  course  to  the  rlgpit  or  left.- 
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0/  the  Btdkut  and  Lading, 

WH£N  a  ship  is  loading,  it  should  be  considered  (hat  her  tendency  to  pitch  or  roll 
depends  not  alone  on  her  form,  but  even  more  upon  the  distribiition  of  Uie  bemeat 
parts  of  her  caigo. 

Particular  attention  u  to  be  paid  to  moderate  her  pitching,  as*lhat  is  what  moaC  fiu 
tigues  a  ship  and  her  masts  :  and  it  is  mostly  in  one  of  these  motions  that  aula  are 
seen  to  break,  particular^  when  the  bead  rises  after  having  pitdied.  AUhooigh  the 
rolling  be  proportionably  a  more  considerable  morement  than  pitching,  itiaaddiomny 
accident  is  seen  to  arise  from  it,  as  it  is  always  a  slow  one.  It  is  howem  noileac 
proper  to  prefent  it  as  much  as  possible.  I'his  will,  in  general,  be  ead^  obtainedy 
without  bemgany  way  detrimental  to  the  ship's  stiff  carrying  of  sail,  il^  whea  (be  balhai 
is  ih>n,  yon  stow  it  up  to  the  floor  heads  ;  becsiuse  it  will  recall  the  aUp  with  leaa  rio^ 
lence  after  her  having  inclined,  and  it  will  act  on  a  point  but  little  akaat  ftom  the 
centre  of  gravity. 

In  the  merchant  service  the  stowage  consists,  besides  the  ballast,  of  ctAa^  caaes,, 
bales,  boxes,  &c.  which  are  all  carefully  vredged  off*  from  the  bottom,  ridea,  pmpwd^ 
&C.  and  great  attention  paid  that  the  most  we%faty  materials  are  stowed  naanat  to  die 
centre  of  gravity,  or  bearing  of  the  ship,  and  higher  or  lower  in  the  hold,  amMhle  to 
the  form  of  the  vessel.  A  full  low  built  vessel  requires  them  to  be  stowed  hSfjk  wp^ 
that  the  centre  of  gravity  may  be  raised,  to  keep  her  fh>m  rolling  awij  her  bmIb^  «atf 
from  being  too  stiff  and  laboursome  ;  as,  on  the  contrary,  a  narrow,  h%h  baQt  VMait 
requires  the  most  weighty  materials  to  be  stowed  low  down,  nearest  the  kelaoBy  llut 
the  centre  of  gravity  may  be  kept  low,  to  enable  her  to  carry  sail,  aild  to  pceveot  her 
oversetting. 

To  anchor  in  fine  weather  m  a  place  where  you  wiU  ride  head  to  wind;  being  dste  tadML 

Being  under  the  three  topsails,  fore-topmast  stay  sail,  and  mixen,  stand  on  mffl  joe 
are  within  about  two  ship's  lengths  of  the  plaoe  where  you  mean  to  drop  your  UMfetr ; 
thisn  put  the  helm  a-lee,  and  haul  down  the  fore-topmast  stay  saH.  Aa  soob  as  the  tajp* 
saUs  shiver,  clue  them  up  briskly,  before  you  lower,  except  the  mlzen  topsail,  wMAm 
to  be  laid  to  the  mast,  and  the  mizen  sheet  hauled  flat  aft,  the  instant  the  ahip  htffm  to 
have  stem  way,  by  reason  of  the  wind  beiug  »-head.  Tlien  shift  the  hebpa  to  wiai- 
ward,  and  let  go  the  anchor,  veering  away  the  cable,  to  give  it  time  to  aettfe  in  Am 
ground,  until  the  vessel  falls  off,  when  she  is  to  be  cheeked,  to  bring  her  hemd  to  Iha 
wind.    When  that  is  done,  right  the  helm,  and  haul  up  the  mizen. 

To  anchor  in  fine  weather  in  a  place  where  you  ioiU  ride  head  to  wind^  lft«  tiiod  Ma; 

large. 

If  you  have  the  wind  large,  whether  on  the  beam  or  mora  aft,  the  oyiTaliou  b  ilB 
the  same,  only  hauling  up  a  little  sooner  to  keep  to  windward,  because  it  ie  ia  jmt 
power  to  drift  as  much  as  you  think  requisite,  and  because  the  ship  wBI  be  oinH^ 
slopped  as  soon  as  all  ber  sails  begin  to  catch  a-back,  and  you  will  have  done  el  ~ 
op  when  they  begin  to  shake.  The  mizen  topsail  is  next  to  be  beeved  to  tiio 
hehn  put  a-weather,  and  the  anchor  let  go,  as  soon  ea  the  head-wi^  eeaate 

giving  her  a  soiBcieiiey  of  cable,  bring  the  ship  op.    If  ahe  has  been  gaiag  L.,^ 

not  range  preeisely  had  to  wind,  since  her  headway  ceasea  as  aoon  aa  tha  aiii  9te 
telstn  &-back,  and  the  effort  or  the  wind  nets  on  all  the  r^ng'of  the  Bhl|llb lil^d  ktf 
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liulti  a  itern  UiJ  la  Iccmrd,  wbich  is  indecil  nu^cnling  Uic  elTccI  Of  (tii:  nii]iler,fiu 
Uk  Ucloi  i(  a-wuther  (o  brinj  the  resMi  to  Bte  wind  ;  bul  u  ihe  power  of  die  wind  is 
Tcrj  gr«"t  to  p«j  the  abifi'i  head  off,  it  halancei,  irhollj  or  partlj,  [seconiiiig  ns  tlfc 
etiip  gar*  ■  <Mra  with  more  or  hsss  •elocilj)  Uie  effort  of  llie  rudder  and  Ihot  of  Ihc 
xaiten  :  Ibui  the  drUU,  uid  renuina  u  it  were  lluiE  to  with  nil  her  raili  sbadc.  Tfa'ii 
ii  Ihr  rtuoD  wbj  we  keep  a  little  (o  wuidward,  and  let  go  tlio  anchor,  to  bring  tbe 
Bbip'i  bead  (o  wind  at  tbe  proper  lime,  wtaich  she  will  do  the  more  readily  ai  tb^  u  with- 
held  forward  bj  tbe  ciirie,  white  (be  wind  on  her  side  forces  her  to  leeward. 
Ta  anetar  in  fint  malker  in  a  placi  ahtrt  you  are  Is  ride  luatl  to  thi  f Ircam  ami  isitf^. 
tile  ioind  hemg  targe. 
If  jou  ate  obliged  to  ride  wilb  the  head  to  the  stream,  ]rau  must,  when  it  comei  (torn 
(he  windward,  put  the  helm  a-lee  in  letting  the  miieo,  tbcn  clue  up  the  rails  ;  and  when 
the  ibip*!  head  is  ri^l  in  the  direclion  of  the  itream,  let  go  Ibc  sochor,  provided  aBe 
bai  quile  lost  ber  headwaj;  for  clw,  fou  would  gel  foul  of  the  anchor  slock  by  ninnilig 
oier  iL  This  miut  neier  be  neglected,  unless  ^an  End  f  ounelf  under  tbe  ncceasitj  la 
bring  up  in  any  situation  in  nhteb  you  may  happen  to  be,  which  i>  olmoil  alwayi  Ite 
caie  when  you  are  taken  too  abort  to  haTe  lime  to  stop  the  lettel ;  a  reason  why  there 
13  often  a  necenty  of  casting  a  second  anchor,  whicb  geneially  catches  tbe  ground  by  ^- 
'BJ^tancc  of  the  Snt,  nhich  has  begun  lo  diminicb  the  Tdocity  of  the  ship ;  and  as  mlnr 
of  the  aaila  are  lobe  hauled  down  as  yon  can,  and  as  quick  aipouilile. 

injine  atather  in  a  pla£c  tchere  ifWiriS  riiie  Auhf  lo  the  strcaiR,  IchKh  f&VltFf 
from  fcfKard.  He  loinrf  being  large. 
¥ihta  the  current  comes  from  Ihe  leeward,  you  must  keep  the  ship  swiy  tiU  her  heaU 
ujd  lake  in  all  the  sails  lo  dupiniah  as  speedily  as  paasi-> 
kr  headway,  which  always  continues  of  itself  long  enough  whea  tbe  wind  is  aft  or 
«l>y  large ;  and  when  Ibc  ship  is  slopped  by  the  eflorl  oT  the  water,  tet  go  Ihe  anchor 
•RtlHiul  waiting  for  Ihc  teasel  galhcringslem-way,  if  tho  current  is  rapid ;  and  in  lEis 
case,  as  weO  as  an  those  wherein  there  is  a>es,or  blowiug [resb,  the  ship  ivqnirvs  a  gffat 
length  of  caUe^ 

To  tomt  to  irn  anihirr  icUh  the  Kind  oft. 
First,  band  the  main  topsail,  and  Ihen  lower  tbe  fore  topsail  down  On  the  cap ,-  end 
ifben  rou  sie  within  a  reasonable  distance  of  Ihe  place  where  you  mean  to  dropancbor, 
(which  dislance  b  td  be  judged  of  from  the  readineaa  of  Ihe  ship  to  obey  the  belm,  and 
rram  her  Telocity)  tbe  tiller  may  be  put  either  one  way  or  Ihe  other,  the  fore  loptail  and 
t<m  Mpmast  alaj  nil  clued  op  and  taken  in,  the  mizeo  U^sail  brai'ed  sharp  up,  and  llifc 
luiuQ  abect  hauled  flat  aft  When  the  ship  range*  close  to  Ihe  wind,  itae  it,  as  It  were, 
lying  lo  under  the  aiiienand  mizcn  lopsaila,  with  the|laat  mentioned  sail  fuU  or  a-hulk 
acconUng  na  joa  may  hate  occasion  lo  abODLe-head  or  drop  a-itern  ;  so  that  if  ym  nro 
loo  much  10  windward  of  the  spot  wbcte  you  mean  to  bting  lo,  you  driA  till  you  airire 
at  it  ^  If  JOU  are  precisely  in  tbe  proper  birth,  you  lei  go  the  anchor  in  lowering  doiin 
the  miwn  lOpaaS,  whicb  is  lo  be  furled  as  soon  as  the  icsiel  is  broUECht  up  ;  then  tbe 
ship  will  eone  head  to  wind  by  the  power  of  the  mizen,  which  must  be  braUfid  uf  na 
soon  a>  ll  shakes. 

SmdJi/15  loider  n  farexu'I,  lo  come  ta  an  anehor. 
The  foreaail  most  be  clued  up  when  at  some  distance  from  your  birth  ;  and,  some 
pari  of  the  way,  nin  umler  bare  poles.  When  near  Cnongfa  lo  sheer  to  the  wind,  jou 
ciecute  it  by  pulling  Ihe  belm  hard  a-lee  ;  and  as  soon  as  the  ship  is  come  to,  lei  gp  tbe 
anchor,  giiing  her  a  large  scope  of  cable,  and  obaerving  to  check  her  handsomely,  in  ne- 
Acrta  make  ber  ride  head  lo  wind,  as  slopping  her  at  first  too  abort  might  endanger  her 
eiUe  or  andior.  Should  the  Gnl  not  bring  ber  up,  a  second  may  be  let  go. 
Ta  author  itilk  a  tpring.  In  order  lo  praent  lilt  veiieTt  tide  le  [o  plaee  or  ih!p  goii  lelah 

I    '  if.'uled  when  you  know  that  the  wind  or  current  will  briAg  your  bciul,  wlfn 

I  iirds  Ibe  object  you  mean  lo  atuck  -,  forabouldthc  wind  or  tide  bring  jour 

■  iirar  on  Ibe  object  you  mean  to  cannonade,  the  spring  would  only  be  a  prc- 

'  -I  i  under  way  more  quickly  in  case  you  were  ohli^d  lo  retreat,  or  in  case 

'  ■■'■  '■  <ji  iidc  should  ihrft. 

Get  n  Uvge  snilch-block  in  the  aflermost  port,  or  on  tbe  same  side  jou  wish  to  prr- 
Wfidolhe  wind  or  current,  and  on  the  same  aide  witb  Ihe  anchor  and  cable  with  whteli 
te«  man  lo  brii^  up  ;  Iben,  through  ihe  block  rwre  ■  hawser,  the  end  of  whidi  i*  !<• 
U  dbdwd  (u  Ihe  ring  nf  the  'anebor  you  mean  lo  tet  f  ;  Uic  olhrr  part  is  to  he 
w^.».k ^.__..^ J.  mngcs  of  the  cable  and  baKjcf  on  .leik.    Tlwl 


hw^lta  IhCcapitiEi  wiihw 
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done,  and  the  ship  being  arrived  at  the  birth,  you  are  to  deaden  lier  way  tcoidhf  to 
circomstances  ;  then  let  go  the  anchor,  and  veer  away  enough  cable  and  liawaer,  mm  a 
little  more  of  the  one,  uud  then  a  little  more  of  the  other,  acconUng  as  yoa  wiA  to  pe- 
nent  more  head  or  stem  ;  which  you  can  do  by  heaving  on  the  wptintu  «r  what  0  He 
same,  veering  away  more  cable.  Should  you  find  it  requisite  to  shift  yoar  posilMi, 
you  have  only  to  veer  out  more  of  the  hawser. 

T9  come  to  anchor  in  roads  thai  are  often  crowded  toUh  ships,  and  to  lemoe  clear  birthtjor 

others. 

The  best  anchoring  births  in  these  places  are  mostly  known  by  maifcs^  andof  coutr 
ure  occupied  by  the  first  ships. 

In  a  tide  or  trade  wind  road-stead,  the  next  ship  that  comes  should  not  ancbori^t 
ahead  or  a-steni  of  the  first  ship  and  so  as  to  lie  in  the  other's  hawse,  but  dMold  erne 
to  on  the  bow  and  quarter  at  a  sufficient  dbtance  to  prevent  other  ships  thna  coai^s 
between,  and  in  a  slanting  direction  from  the  tide  or  wind.  This  might  contdMeto 
the  safety  of  ships  when  it  blows  strong  upon  a  lee-tide  or  in  strong  sea  liieeaei»  u 
each  single  ship  may  then  veer  away  what  cable  necessary,  and  keep  dear  of  the  otttf 
tthip^s  hawse  a-stern  ;  or,  in  case  of  driving  or  casting,  they  have  a  better  chance  of 
keeping  dear  of  each  other. 

To  get  up  an  anchor,  in  ships  which  have  a  main  and  jeer  capgtmL 

In  large  ships  which  have  a  main  and  jeer  capstan,  and  the  strain  is  thougibt  too  greet 
for  the  messenger  ulonc,  the  viol  is  used  tlius :     Three  or  four  turns  are  taken  raoDd 
the  jeer-capsitan  with  one  end,  so  as  to  leave  that  side  clear  on  which  the  cable  ii 
in ;  and  pass  the  other  end  through  the  viol  block,  which  is  lashed  round  the  nw 
on  the  lower  deck.     It  is  then  carried  forward  and  passed  round  the  roDeiv  la  the : 
ger  near  the  hawse  holes  ;  then  brought  aft,  and  spliced  to  the  other  end  wkh  a  ihoit 
splice,  and  the  ends  maried  down  tight.     That  side  of  the  viol  on  which  the  criile  is 
coming  in  is  fastened  to  the  cable  by  nippers  ;  and  thus  the  continued  cflbffts  of  the 
capstan  ore  conveyed  to  the  cable,  until  it  is  hove  in.     The  nippers  are  dapC  oa  m  ^ 
manger,  from  one  to  two  fathoms  asunder  ;  and  the  viol  is  applied  to  the  BiUilis.  et 
iuside  of  the  cable.     N  ipiH'rs  arc  clapt  on  by  taking  three  or  four  turns  round  the  viol, 
four  turns  round  the  cable  and  viol,  and  then  three  or  four  turns  round  the  cable.    This 
method  is  an  exceeding  good  one,  and  very  suitable  to  quick  heaviiig  ;  but  when  the 
btrain  is  great,  and  the  cable  muddy,  the  uippers  clapt  on  after  this  method  wfll  not  nip 
sufficiently,  and  some  times  recourse  is  hod  to  the  following  method :  llnow  sand  or 
ashes  upon  the  cable,  and  take  a  long  dry  nipper,  which  middle  and  pass  one  half  aft, 
i-ackiug  it  in  and  out  round  the  cable  and  viul  ;  then  worm  its  end  round  the  vwl  only. 
After  thb  pass  the  other  half  in  the  same  manner  fonvard,  bat  worm  its  end  round  the 
cable  only,  and  let  each  end  of  the  nipper  be  held  on.    The  advantages  of  thii  vethod 
urc,  that  as  the  strain  of  the  culile  lies  fonvard  and  that  of  the  viol  aft,  the  nlpi>cr  wiU 
be  drawn  so  tis;ht  as  eircctiially  to  hold  the  cable  till  something  gives  way :  also  thejf 
can  never  jamb,  for  both  end;;  arc  clear  for  tuking  off.     Another  method,  when  the  sdain 
13  great,  is.  to  have  nipi>crs  with  an  overhand  knot  made  atone  end  ;  and  with  that  end 
a  n>und  turn  taken  round  the  cable  and  \iol,  leaving  three  or  four  feet  of  thocnd  ;  then 
with  the  other  end,  take  three  or  four  racking  turns,  and  expend  nearly  the  remaindci 
with  turns  round  the  cable  and  viol,  laying  the  knotted  end  under  and  over  each  of  the 
last  turns ;  the  end  is  then  heUi  fast.    The  men  who  clafi  00  the  nippers  ate  attended 
by  boys,  who  hold  the  ends  of  them,  and  follow  the  progress  of  the  cable  oa  it  is  hove 
ill  ;  and,  as  the  nippers  arrive  near  the  main  hatch-way,  they  are  taken  oiTaad  cuiJed 
forward,  where  they  are  again  clapt  on,  and  so  in  succession  until  the  cable  is  horc  in 
sufficiently  to  raise  the  anchor  above  the  water.     It  is  then  stoppered  round  allbeCore 
the  bitts,  that  hi,  round  the  cable  aud  viol.    The  anchor  is  then  eatted,  and  aftenmdi 
libhed.    Tu  shift  the  \iol  for  heaviiie  in  a  second  anchor,  it  must  be  un^liced,  and  the 
tiirn.s  round  the  cap*ttan  reversed.      When  the  straui  is  so  great  as  to  require  other  pa> 
4-iiu9rs,  the  top  tarklos  may  U*  used  thus :  the  double  block  is  lashed  to  the  main-Bist 
or  topsail-sheet  bills,  the  treble  block  is  lashed  on  the  cable,  and  the  fall  is  broo^t  to  the 
capylan.     If  the  top  tackle  falls  ure  thought  insufficient,  any  hawser  may  be  usedtket 
n  ill  reeve  through  the  blocks. 

To  s;d  vp  an  anchor  in  ships  which  have  not  a  jccr-capstau 
Ships  wilhcul  a  jeer-capstan  have  no  viol,  but  heave  in  their  cables  by  a  meeaeiatri    ' 
^\hich  has  an  eye  Fpliced  in  each  end,  one  of  which  ends  is  passed  with  three  orNOC 
turus  round  the  capstan  on  the  upper  deck,  and  the  other  end  passed  fonrards  nmi 
the  rollers,  at  the  fore  port  of  the  i^ianger  ;  then  brought  oft  to  the  other  end,  and  leak- 
ed thus  :  several  turns  are  pasicd  through  the  eyes  crossing  each  other  in  the  i^iddle^ 
then  a  half  hitch  is  taken  round  the  parts,  and  the  end  stopped  with  spnn-yan.   ""^ 
tcmaiudcr  of  the  operation  is  performed  as  by  the  \iol,  with  this  exception  ;  t^ 
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jeiiger  k  applied  to  the  oubidc  of  the  cable,  and  when  the  nippers  are  in:<ufficjent,  the 
nesaeoger  nqr  be  hitched  thus  :  the  bight 'of  the  messenger  is  fastened  round  the  cable 
ht  the  madger  with  a  rolling  hitch,  and  the  bight  seized  round  the  cable  before  the  hitch. 
This  pracCiee  it  by  no  means  so  good  as  the  others. 

When  getting  under  way  in  a  sea  gale,  the  viol  is  beUer  than  a  messenger,  as  tha 
sending  of  the  ship  carries  all  the  straia  to  the  main  capstan,  and  cnUar.gerb  the  men 
at  the  bars,  whereas  with  a  viol,  the  strain  is  taken  to  the. viol  block,  and  the  men  at  the 
fore  jeer-capstan  heave  in  security. 

To  get  up  a  second  one  fur. 

Suppose  by  the  former  methods,  that  the  starboard  anchor  is  got  up,  and  that  the 
cable  of  the  second  anchor  enters  the  larboard  hanse-holc,  the  operation  of  getting  up 
the  second  anchor  is  the  same,  observing  only,  that  the  messenger  must  be  shifted,  and 
the  tunu  on  the  capstan  reversed,  to  change  the  disposition  and  side  \  and  the  men, 
who  before  held  on  the  larboard  side  in  the  first  operation,  will  hold  on  the  staiboard 
side  now.  The  motion  of  the  capstan  is  i^rformed  the  contrary  way,  and  the  cable  on 
tie  larboard  side  is  fixed  and  hove  in. 

To  get  up  an  anchor  in  Merchant  Ships. 

Most  meidiant  ships  and  small  vessels  heave  up  their  anchors  by  a  windlass,  round 
ivhich  are  takei^three  turns  of  the  cable,  and  held  on  by  hand,  or  by  a  jigger ;  thus — the 
end  of  the  rope  wi^ich  has  the  sheave  is  passed  round  the  cable,  with  a  round  turn, 
close  to  the  windlass,  the  leading  part  of  the  rope  coming  over  the  sheave,  and  stretch- 
ed aA,  by  means  of  the  fall  passing  through  the  jigger  ^lock  ;  the.  standing  part  of  the 
ihlJ  is  Bade  last  round  a  stantion,  at  the  fore  part  of  the  quarter  deck,  and  the  leading 
put  m  bowsed  upon,  which  jambs  the  turns  taken  round  the  cable,  and,  when  the  jig- 
ger arrives  abreast  of  the  hatchway,  it  is  removed  forward,  and  the  cable  is  jambed  by 
a  handspike  at  the  windlass,  until  the  jigger  is  refixed. 

To  weigh  an  anchor  vnth  the  long  boat. 
This  is  done  by  taking  the  long  boat  to  the  buoy  of  the  anchor,  and  putting  the  buoy- 
fopo  over  the  dtyit  of  the  long  boat,  and  a  tackle  on  the  buoy-rope  ;  by  which,  with  the 
assistance  of  men  on  the  fall,  the  anchor  is  weighed  out  of  the  ground.  This  being  ac- 
complished, the  cable  is  hove  in  on  board  ;  the  buoy-rope  and  tackle  being  secured  in 
the  boat,  tlity  approach  the  >hii  ■  as  the  cable  is  hove  iu,  and  the  anchor  catted  and 
stowed.  Small  anchors  and  grapnels  are  got  up  by  the  davit,  hauling  upon  the  grapnel 
rope  bj  hand. 

To  weigh  an  anchor  by  under'running. 
This  lA  hy  plaeii^  the  cable  over  the  davit-head,  and  under-ronning  it,  till  it  is  nearfy 
eipeek,  when  it  is  tripped  by  means  of  tackles,  as  before  by  the  bouy-rope.     This  method 
is  trooblesone,  and  b  only  adopted  when  the  buoy  is  gone,  and  a  ship  cannot  get  near 
her  anchor  for  wait  of  water. 

To  get  tauUr  mi  when  the  ship  is  stoinging  head  to  wind^  and  you  want  to  cast  either  to 
ilarboard  or  larboard^  in  a  place  where  there  is  no  current. 

To  east  to  starboard. 

HeaTe  short  on  your  anchor  till  it  is  apcek ;  then  haul  in  quite  home,  the  larboard 
hnces  forward,  and  starboard  braces  abaft ;  loosen,  sheet  home,  and  hobt  the  topsails ; 
pot  ^e  hefan  a  starboard,  and  heave  till  the  anchor  is  aweigh.  The  moment  the  anchor 
qpiits  the  ground,  the  ship  will  begin  to  fall  ofi*  to  starboard.  As  soon  as  this  movement 
ie  perceived,  hobt  the  jib  and  fore-topmast  staysail,  if  necessary,  to  help  her ;  and  when 
she  has  soflSciently  fallen  off,  her  sails  abaft  (which  arc  trimmed  sharp  for  the  larboard 
tvk)  win  filL  But,  unless  for  very  superior  reasons,  you  had  better  continue  lying>to 
tS  the  anchor  b  catted,  taking  care  to  haal  the  mizen-sheet- close  aft,  if  the  ship  be  in- 
dined  to  fail  oflT  too  much. 

To  cast  to  larboard, 
Haid  in  the  starboard  braces  forward  and  the  larboard  aft,  and  put  the  helm  a-port. 
The  rest  of  the  operation  U  the  same  as  the  preceding,  only  changing  the  staiboard 
for  poet 

To  get  under  sail  when  the  ship  is  riding  hiod  to  wind  and  tide, 
U  a  ship,  riding  head  to  wind  and  tide,  wanted  to  get  under  sail,  after  having  deci- 
ded on  which  side  it  b  best  to  have  her  cast,  it  must  be  performed  according  to  one  of 
the  fioRgong  methods,  except  with  regard  to  the  helm,  which  must  be  put  to  staiboard 
atbcr  before  the  anchor  loosens,  or  while  it  does,  if  you  wbh  to  cast  to  port ;  because 
tbe  water  eoming  from  forward,  acts  with  the  same  force  on  the  rudder  as  if  the  ship 
*nit  wkh  the  current,  impelling  the  rodder  to  starboard  and  head  to  port  Therefore 
Jth  evjdbotiii  thb  case,  the  helm  ou^tb  be  put  to  starboard  ;  which,  on  the  contrary, 
^f^ be  pat  to  larboard,  if  the  ship  were  to  be  cast  to  port 
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tf  the  sliip,  ^er  the  anchor  is  out  or  the  ground,  goes  utanfiateF  ihan  the  tonoent 
niOP,  the  helm  must  then  be  used  as  if  there  was  no  current,  beeaoae  tiie  eioe«  of  ve* 
Iqcity,  whereby  the  sliip  exceeds  that  of  the  water,  acts  upon  |he  mdder. 

If  it  blows  fresh,  so  that  you  cannot  set  your  topsails  without  reefing  them,  let  till 
hf  done  befoco  they  are  sheeted  home  ;  and  if  it  blows  so  hard  as  Co  he  obliged  to  go 
only  under  a  foresail,  it  would  then  be  sufficient  to  loosen  the  fore-topsail,  wftfaoat 
sheeting  it  home,  after  having  11)raced  it  quite  close  on  the  side  opposite  to  that  you  want 
the  ship  to  cast,  not  forgetting  however  to  put  the  helm  the  same  way  as  you  eul,  wi 
soOn  as  you  perceive  the  ship  going  astern :  and  when  the  ship  has  fallen  off  sufficiently, 
then  b  the  time  to  fill  and  trim  the  foresail. 

To  gel  under  aaU  when  the  ship  is  swinging  with  her  head  to  the  current^  &nd  wUk  the 

wind  a  pouit  abaft  the  beam. 

^eave  short  on  your  anchor  till  it  is  a-peek ;  next  to  this  loosen,  sheet  hone,  and 
hoist  the  foresail  and  mizen-toosail,  keeping  the  wind  in,  and  heave  Tigonasly  at  the 
capstan,  till  the  anchor  b  a-wcigh.  At  the  same  time  hoist  the  jib  and  fore  topmast  itay- 
sail,  or  haul  out  the  mizcn,  accordini"  as  circumstances  may  require.  Uliether  you 
wish  to  come  to  windward,  or  fall  ol*  more  quickly,  you  must  still  continue  to  hare 
round  the  capstan  bnskly,  to  get  the  anchor  up,  till  you  find  yourself  sufficiently  off- 
ward  to  bring  to,  in  order  to  stow  it  with  ease,  or  to  stand  on  under  an  eaay  mU  with 
the  anchor  hanging  out  to  windward,  if  the  situation  of  things  will  admit  of  it  Ton 
may  sometimes  also  hoist  up  both  the  main  and  fore-topsails,  as  soon  as  you  get  nsady ; 
but  in  certain  cases,  as  when  obliged  to  make  the  best  of  your  way  from  an  enenj, 
every  sail  possible  must  be  set  at  once  which  the  weather  will  adn^  o^,  eqpeciaDy  when 
obliged  to  haul  by  the  wind  ;  in  which  case,  the  anchor  must  be  got  up  end  catted  ii 
w£ll  as  it  can  ;  there  are  cases  even  when,  without  losing  your  time  in  weighing  it,  you 
crowd  as  many  sails  as  you  possibly  can,  and  depart,  in  cutting  or  sUpping  the  cable. 

To  get  under  sail  toith  a  spring. 
If  a  ship  be  in  a  place  too  confined  to  cast  under  her  sails  only,  or  being  obliged  to 
put  to  sea  in  a  gale  of  wind,  without  hoisting  the  anchors,  you  must,  for  gratia'  nfety, 
in  casting  the  right  way,  get  a  spring  out,  to  be  clapped  on  the  cable  bj  wUeh  the  ship 
swings,  by  passing  a  hawser  or  a  stream  cable  through  the  afteimost  port,  on  the  oppo- 
site side  to  that  you  mean  to  cast  •,  and  after  that  spring  is  well  hove  ti^  at  the  ^p- 
sta(o,  hoist  the  jib  and  fore-topmast-staysail,  loose  and  sheet  home  the  foie-topisai} ; 
when  that  is  done,  and  if  the  weather  permits,  brace  quite  close  the  ImmI  aula,  on  the 
same  side  with  the  spring.  Wlien  this  is  executed,  slip  or  cut  the  caUe,  hemfing  briskly 
at  the  same  time  on  the  spring,  till  the  ship  has  paid  on  sufficiently,  llienflll  the  sails, 
by  setting  the  mizcn-tbpsail  and  every  otlier  sail  you  mean  to  employ,  and  dip  or  cut 
the  spring,  as  circumstances  may  require.  Care  must  be  taken,  not  to  let  tte  ah^  fall 
off  too  much,  before  the  spring  is  cut ;  because,  having  no  way  through  the  water,  she 
will  not  come  to  the  wind  so  soon  as  might  be  wished ;  and  for  the  same  maoo  the 
fpring  must  not  be  cut,  till  she  has  fallen  oil' as  much  as  b  necessary  ;  becaim,  although 
•he  has  no  other  motion  but  that  of  falling  ofT,  the  vessel  might  perhaps  not  wear  enough 
to  answer  the  purpose. 

To  get  under  sail  with  a  leading  wind,  in  a  title  way. 
If  the  ship  to  be  got  under  sail  has  a  leading  wind,  and  b  in  the  midst  of  veiada,  or 
in  a  narrow  cfafnnel,  where  it  would  be  difficult  to  cast  her  upon  the  lee-tide^  she  abookf 
be  got  under  sail  before  the  weather-Kde  b  done.    Thus,  the  casting  of  the  Mf  would 
bo  avoided,  and  she  may  be  steered  through  the  fleet  or  channel  with  safety. 

Should  it,  however,  blow  so  fresh  upon  the  windward-tide  as  to  force  the  lUp  end 
on  with  her  cable,  it  will  4)6  impossible  to  heave  it  in,  without  sheering  the  iUp  over 
from  side  to  side,  and  heaving  in  briskly  as  the  ship  slacks  the  cable ;  but  as  thii  li  at^ 
tended  with  much  daiigcr,  by  the  ship  suddenly  bringing  up  upon  each  sheer,  it  wiB  be 
best  to  heave  a-peck  upon  the  first  setting  of  the  windward  tide,  before  the  shipawiiip 
toCbring  the  wind  abaft. 

To  cast  a  ship  upon  the  larboard  lack,  and  back  lur  a-stem  of  danger. 
We  suppose  the  ship  to  lie  at  single  anchor,  with  the  wind  and  tide  the  samo  wlji 
and  ships  or  shoals  right  astern,  in  the  intended  course,  and  that  to  clear  tkaiBi  yw 
must  cast  upon  the  larboard  tack,  and  make  a  stem  board. 

Make  every  thing  as  ready  as  possible  before  weighing :  let  the  three  topsafls  bt  habits 
cd,  the  yards  braced  up  sharp  with  the  laiboard  braces,  and  the  mizen  faaoM  Ml* 
Thus)  situated,  when  the  anchor  weighs,  put  the  holm  a-port.-  The  tide,  nmnfaig  ^ 
acts  upon  the  stariraard  side  of  the  rudder ;  and  in  that  direction  it  will  cast  thi^ 
the  ri^t  way,  and  bring  the  wind  upon  the  laiiNiard  bow.  The  wind  beinf  on  thili^ 
board  bow,  and  the  topraib  a-back,  will  soon  give  the  ship  stem-way  throng  the  inter-, 
then  Che  water  will  act  against  the  larboard  aide  of  the  nidder,  ^  powerfti]l(yfC<n^al 
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'.CK  Jic-siT.  wx.  lA^a^  ::  rue  \i&  siji  «•:  iir  nnnd  tM*ri|^  mfi  by  llie  niK  miff 
*be  j:"!es  »!r  tu^m--* i '    l-  •_:•: :  '..  lu .t:.    7  ::r  pr3«ediag  aa before  directed     T* ■»- 

s:r?  ^'J:  -ts-^  ir  l*:;   -i-:  :*•«.'       .  "-<  jomt  methoda  ue  adopted  IB  cmobc 

tJae  HL."    :i  -j«  ?'j.- '.^i--:-.  _.      .■:  ■  -.ii:  !•:  r  ijc  ?iUi:»  are  muitged  tbe  eMtiaij  mw. 

iLTi  T.  ..*•  b«  ;ikea  that  the  ship  does  aoc  rav,  thar 
fr.-*=.  n-tf  %-.zi.  McauK  both  situations  are oqaaHy  pit- 
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iL  :*H  =_L!f::  out.  while  you  put  at  ihc  fiae  timf 
:i:  .  -  - .  .7.  2ti^T  that  it  amy  be  as  oiudi  as  poaahn; 
*-!.•  .«  :  .•2i<*  10  toe  vrinJ,  »o  as  to  cause  the  square 
*•-  <o<M2»i)eetA  before  the  nuuDmasL  At  the 
-j::  par.MrjL\riT  the  mizen-topsail,  let  irhr 
ri:-; :  f*  •-•7  _^l^-I  t_*;  :<.:<.-»•  -i  -  -.  _  .;  . :  1":  n*  same  lime  the  weather-elew  of  the 
=.!_::*:_  .  i.^i  »:=  -.  Lx  -  -  -.  •  -.t"  '.  •-■:i:.  :r  tn:n  a  Kllk  before,  haul  thesaiaaulf 
27.1  :^.--*iir7  f.r:r  ::.-:  :•-  3-'  .l.-:  .-  rc**:r^.-*.  The  jib  and  staysail  sheets  are 
^*c  :>  >  i'lifXr  i  :-■  1:  :  -  ?-r. .  :  r: :  t-;.:.7-  ::»  helm,  whether  the  ship  has  lort 
■  -rr  •»%},  ?r  < ' £ .-.  r\    1  - 1 ;   :t  .'■»■:.■.  jj'  •  .-rr.  a^  ibe  hai  passed  the  direetifDa 

\i  ti*  ni:>i  sj.,-.-.  4  .:-..:  -._  -  i:  -  r*.  ..;-:.  ?b:!"i  thv  forcmast^s  sails,  which  ait 
!j^e  :rL^a--i  -.:^  .-^  ?•■■  .:'■--■■-■_-.  ::::rr  in^  helma-lcc,  if  you  fear  the  ihip 
iwbk'h  !r.i*t  »:: .  r?  .»--•--  .  •  :r.'*.  .  •.  ?l:.wU  executed)  will  not  IhU  off  nA- 
€':^r^'Jv.  ur,  tt  :.-.    -!?.:-    .->  :-*...  ■"•'"» 7-  »li*  ^^^  ncter  have  stem-way;  en 

?h-:  -r-T-Trir"",  si:  '*:.".  ::• :     _"^   ■:  .■«:•'.  :?  «.-:»-ar*. 

T;::r:  ir^  ;:.v=:2*j-r  -*  *:-:t::r.t>  wbcr.  .:  w  found  oecessary  totack,  witboatcvin; 
r...;^h  w!ieil-r  ::.:  «Ljp  !:?<*  :;.  •.-.  y. !  wirier  n*--  For  example:  when  a  ship  b  found 
*uid-.r.I_T  :j  Jc  .;  >■?•.  tj  tie  Ijit.  i.  ;■.  :hi  r.;^i.  or  in  lojgT  weather,  near  a  danger  or  some 
T*?*rl.  wh:c>.  ir.-j<t  !.•>*: an: I'k  !;  .t^.i.it.i  b\  <:ayirj:  the  ship,  because  you  find  yooiseh' 
tj'wiudward.  an.!  too  !.-.;:  The  obj'. ::  irozi  v.^iVhycu  wish  to  recede  :  in  this  case,  when 
it  is  nece'saiT  to  JeaJtn  th«.  -Lij  >  :^-,\\.  in  J  laolc  at  the  same  time,  you  most  suddenly 
put  the  helm  hsrti  a-!?f .  m?  m  i::-.  rWe  ir>:.i:s:,  U  t  jto  the  jib,  fore,  and  staQfaaO  siie^, 
without  tourbir.'  the  V,Mi-inis  ;  -r.icr.:-  i?.r  nu-t  be  taken  that  the  eflhct  of  the 
mizen  is  to  U-  prt'?tr\t.i  .:.-  r.::::ii  j«  po#>i:'li .  When  the  sails  begin  to  shiver,  themizen 
is  hjuIeJ  quite  to  wiodn  ard :  ihcD.  if  tbt  <vAy  lakes  kcII  tbe  wind  a  head,  the  renainder  of 
the  operation  muiibe  tsecu!eJ  a*  dirtrrt  d  in  iht-  preceding  case  ;  but,  if  yon  should  miss 
stays,  you  mu.*t  procetJ  aicor.^ir;*  u  iho  second  method  of  %cering,  called boz-haoling. 

Tc  txh  a  shtp  ri  1  iuns^f'^us  .-i/ii^'i  jra,  xrhfn  her  staying  is  daubtfiJ^ 

Let  every  thing  N?  got  clear  and  ready  :  the  hands  at  their  proper  stations,  the  sails 
f  rimmed  fair,  and  tht-  ^hip  stt-cred  ju-^t  fiiU.  an;1  clo*o  by  tbe  wind.  Take  the  advaot^ 
of  t'li-  >ax)oihe:>t  ii:iie,  whtn  t!ic  ship  has  the  most  hcmf-way.  The  other  necessary  j>re» 
oautjon?  m,  to  hiiu!  down  the  jib,  ii"^t,  and  not  to  put  the  helm  a-Iee  afl  at  once,  ioC  to 
lull  the  ship  uii  by  •icjrrecs  to  ^hake  the  wi's.  When  thcv  :«hakc,  give  these  oiden :  the 
helm  hard  a- lee !  iet  ;ro  i!ic  !ec  >hc<»t:*  forward,  but  not  theHec  braces  ami  foie-top  bowline, 
as  that  u>ua!  priL'liif  b  icks  th«-  head  sails  too  soon,  and  stop.*  the  ship's  head-way,  which 
ouj^ht  to  continue  to  zwc  power  to  the  helm,  till  the  wiml  w  brought  a-head,  or  the  ship 
irili  not  st.iY.  Kai:<c  lack;*  and  sheets  and  mainsail  haul,  when  the  wind  is  a  point  on  the 
wcathcr-bow ;  tlii?  swingn  the  yards  round  sharp,  that  the  main-tack  may  be  got  dose 
down,  whilst  the  head  sails  becalm  the  fore-leech  of  the  main  and  main-topaails ;  while 
the  wind,  blowing  aslant  on  the  after-leech  of  these  sails,  acte  jointly  with  the  rudder  to 
turn  the  ship's  stern,  so  as  to  bring  her  about  the  right  way.     When  she  has  lallen  off 

When  a  ahip  comes  about,  she  is  sure  to  have  stern-way  by  the  time  the  head  sails  an 
oaulcd ,  therefore  tlic  helm  should  not  then  be  shifted  a-lcc.  but  shouU  be  kept  hnA 
n-weatlicr,  till  her  stern-way  ceases.  The  water,  acting  upon  the  weather  side  of  the  rad- 
uer,  prevents  tlio  ship  falling  around  ofl'  from  the  wind,  which  the  helm,  when  hard  n-lee, 
occasjons,  while  the  stern-way  continues.  Notice  should  be  mudc  \iy  the  compass,  that 
toe  snip  continues  coming  about  till  the  wind  is  on  the  other  bow :  for  if  she  stspe  with 
fc^A^  •  a-ncad,  and  her  head-way  is  perceived  to  be  done,  Uie  helm  should  be&ectir 
snmcd  to  the  other  side  .  so  that,  by  the  stem-way,  the  water  may  aet  upon  the  rudder 
and  bnng  her  about,  and  Uien  the  helm  should  not  be  kept  a-lce,  but  directly  shifted 
and  kept  hard  a-wcather  till  her  stem-way  ceases.  For  the  reason  just  Riven,  the  head 
sails  may  be  hauled  a:;  soou  as  possible  ;  for,  the  ship  w  ill  be  sure  to  fall  off"  the  fhsler 
and  further  in  proportion  to  her  stcrii-nay ;  so  that  Uie  weather- braces  should  be  tended 
T'»  prevrnt  tho  head  yards  flying  fore  ead  aft,  a5  lh(^-  will  do  when  it  blows  tnsb  :  and 
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ilie  ship  u  before  tke  wind,  get  oo  board  the  main-tack,  and  ii|^  the  helm  to  aoder* 
ate  her  coming  to. 

If,  in  the  beginning,  the  ship  is  found  difficult  to  veer,  the  fore  staj-sail  nn  be MileA» 
and  the  sheets  hauled  well  aft ;  but  it  is  to  be  hauled  down  as  soon  as  the  nip  is  befiifC 
the  wind. 

A  second  method. 

Make  fa^t  a  four  inch  rope  to  the  strings  of  the  main  yard ;  and  when  the  Alp  comes* 
io,  so  as  to  shiver  the  main  sail,  bring  it  doun  before  the  sail  to  the  topaail  aheet  bitts, 
and  let  it  be  hauled  tight  and  belayed.  Then,  as  soon  as  she  falls  off,  put  the  helm  a* 
weather,  and  let  go  the  main  sheet  By  these  means,  the  lee  part  of  the  aai  bo  longer 
has  any  power  to  keep  the  ship  to  the  wind,  and  the  weather  part,  aeting  bafote  the 
centre  of  gravity,  will  cause  her  to  Tcer  faster  than  by  the  first  method;  Hum^jk,  in 
general  the  first  method  will  answer  the  purpose. 

TV  veer  under  bare  poUs, 

The  forc-staysail  mu.ot,  if  circiiRistaiiccs  will  allow  it,  be  hoisted.  But  if  that  cannot 
be  done,  the  head  yards  are  to  be  braced  up  as  sharp  as  possible,  and  thoae  ahoft  pointed 
to  the  wind.  Then,  if  the  ship  veers,  she  will  steer  under  the  masts  and  ropes  onlj. 
A  number  of  seamen  sent  up  and  placed  close  to  each  other  in  the  weather  fore-ahroads 
win  be  found  also  of  veiy  great  service. 

To  box-haiil  a  ship,  or  the  second  method  of  turmg. 

In  this  evolution  the  most  rapid  execution  is  necessary.  BridLiy,and  tithe  atme  di- 
stant, haul  up  both  the  mainsail  and  the  mizcn  ;  shiver  the  main  and  mfaUB  topaaSs'; 
put  the  helm  hard  a- lee  ;  raise  the  forv  tack ;  let  go  the  head  howtinea,  and  bnee  about 
the  head  yards  sharp  the  other  way  ;  and  let  the  jib  and  stayaafl  sheets  go  in  Uie  same 
instant.  l\'hen  the  ship  has  fallen  olT  90^,  brace  the  aller  yards  sqoarain  order  to 
give  the  ship  a  little  way,  and  to  help  her  (with  the  rudder,  the  situation  of  whieh  moat 
be  changed)  to  double  the  point  where  all  the  sails  shiver ;  and  when  the  wind  ia^eft,  you 
will  proceed  as  in  the  method  of  *•  veering  without  losing  the  wind  out  of  the  i 


If  the  circular  motion  of  the  ship,  after  she  has  fallen  off  90^-  continues  prettr  rapid, 
the  filling  of  the  after  sails,  to  give  the  ship  headway,  may  be  dbpensed  with  ;  becaqie 
she  continues  to  turn  by  the  effect  of  ber  helm,  which  must  not  be  ■UAb^  aince  the 
vessel^  still  continues  her  stem-way.  Therefore,  after  having  veered  albr  deprem  moie» 
the  wind  will  fill  all  her  sails,  and  the  ship  consequently  will  have  haid  way.  Then 
change  the  situation  of  the  rudder  to  bring  her  before  the  vrind. 

In  a  ease  of  absolute  danger,  when  it  might  be  necessary  to  go  a-stem  and  (all  off  more 
rapidly,  put  the  helm  a-Iee,  brace  all  the  sails  a-back,  and  observing  nottohraee  the  alter 
ftails  more  than  square,  that  they  may  not  counterai't  the  head  sails,  which  are  hraeed 
sharp  a-bMck  to  pay  the  ship's  head  ofi';  because  the  effect  of  the  after-  aoib,  ia  this 
situation,  is  to  impel  the  ship  abaft  in  the  direction  of  her  keel,  which,  with  tlioae  for- 
ward, contribute  to  give  her  fresh  stem- way.  in  order  to  cause  the  ship  to  veer  with 
greater  celerity.  The  jib  and  fore-topmast-staysaU  sheets  being  hauled  over  to  windward, 
will  assist  the  ship  in  falling  off  and  going  astern. 

Box-hauling  is  deemed  the  surest  and  readiest  way  to  get  a  ship  imder  command  of 
the  helm  and  sails,  with  the  least  loss  of  ground  to  leeward,  when  a  ship  refuaea  atays. 
The  masters  of  sloop  rigged  vessels,  taming  to  w  indward  in  narrow  channeb,  when  they 
want  but  little  to  weather  a  certain  point  mn  up  in  the  wind  till  the  head-way  ceaaes, 
then  they  fill  again  upon  the  same  tack :  this  they  call  making  a  half-horn^  Thoa  a 
ship  in  box-hauling  may  be  said  to  make  two  half-boards,  first  running  with  her  bead, 
then  with  her  stern,  up  in  the  wind ;  by  which  two  motions  a  ship  rather  gaina  to  wind- 
ward. 

To  club- hold  a  ship. 

Club-hauling  is  practised  when  it  id  expected  that  a  ship  will  refuse  staya  upon  a  loe- 
suorc :  place  the  hands  to  their  stations  for  putting  the  ship  about,  and  some  by  the  lee 
anchor ;  then  put  the  helm  down,  and  if  the  ship  make  a  stand  before  she  briiWi  the 
wmd  a-head,  let  go  the  anclior  and  haul  the  mainsail.  When  the  wind  is  a4ieadt  cut 
the  cable,  and  the  ship  will  cast  the  way  required.  The  after  saib  being  fuU,  let  i;o  and 
haul. 

Another  method. 

Bend  a  hawser  to  thr- kedj^c-anchor  on  the  lee-bow.  and  bring  the  end  into  one  of  the 
after  ports,  or  over  the  taffarcl.  Let  go  the  andior,  brace  up  alf  sharp  the  contrary  way, 
put  the  helm  a-lee,  and  haul  in  briskly  on  the  hawser.  As  soon  a?  the  ship  gttM  beadi> 
i\ir,  rut  or  slip  the  linw?cr,  and  earn-  a  ihrc??*  of  sail. 
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r«  fie-lp  to  yfindwrnrd  of  «  skip,  m  as  noI  to  drift  nttv  her, 

Tfte miiufaiMia  mnst  be  bncedabarp  a-back  j  keepiii^  the  fore  and  mixen  topiailB 
<U1 ;  baeMM  Ika  wind  acts  with  a  Tcry  ymall  sine  of  incidence  on  a  sail  when  IbO,  in 


comfviHB  li  what  it  does  when  braced  sharp  a-back  ;  so  that  the  foie-topsail,  bdng 
fuUt  diiwiffctAm  •  head,  and  the  eflect  of  falling  off  is  opposed  by  the  main  and  miaenp 
fffpsaift  Sh*  will  of  course  not  ikll  off  much ;  nor  will  her  lee -way  be  ?ery  eonsidera- 
bJe  j  ftr  tiieahip  Is  well  kept  to  the  wind  by  the  disposition  giTen  to  her  sails. 

To  lie-to  wnder  Uu  lee  of  mother  Mkip. 

The  fbie- topsail  ought  to  be  brauxd  sharp  a-back,  the  mln  and  mizen  topeails  kept  Aitl| 
beeaoaa  these  two  last  mentioned  saib  tend  to  gjtwetkit  ship  head-way,  and  keep  her  to 
tht  wild ;  they  may  be  assbted  by  the  mizen,  which  will  oppose  the  (ailing  olf  occa- 
sioned bj  Uie  Ibre-topsail.  Thus,  should  the  ship  to  windward  fall  olf  Tiolently,  Qt 
drift  too  maeh,  you  are  more  ready  to  veer  short  round,  and  avoid  being  boarded  ;  be- 
die  fore-topsail  being  braced  sharp  a  back,  the  impulse  of  the  wind  on  it  is  much 
than  if  it  were  (nil:  and  it  is  well  disposed  to  veer  suddenly,  as  soon  as  the 
of  thaother  sails  is  suppressed. 

5^  krimg'to  with  the  fore  or  wunh  topsmls  aback  to  the  mast  or  filled. 

Either  flie  Ibra  or  main-topsaSlmust  be  braced  sharp  a-beek,  and  the  lee-bowline  hil||- 
ed  up  a  HUle  i  the  other  two  topsails  trinmied  sharp,  with  the  mizen  hauled  out,  aodcb 
lielB»4Be. 

If  yoa  Mpg4o  with  the  fort-topsail  to  the  mast,  the  head  yards  may  be  only  laid 
aquan.  ThMthe  wind  wiU  act  oUiqoely  on  the  sail,  and  the  slup  will  fall  off  but  hti^, 
beeaase  te  ^HtL  b  in  the  directien  of  the  kccJ  from  forward  aft,  and  the  sails -aBhft, 
keep  the  ah%lo»  The  main-topssil  may  be  worked  in  the  same  manner,  if  you  wish  not 
to  cipow  yomadff  inch  to  the  wind.  ^ 

To  hing'to  with  the  three  topsmU  a^aek. 

The  j3>  and  staysaib  being  hauled  down,  brace  sharp  round  at  once  all  the  saib  yoii 
wish  to  lie  a-beck  in  hauling  up  the  lee-bowlincs,  the  better  to  expose  the  saib  to  (he 
action  of  die  wind ;  haul  out  the  mizen,  and  put  the  helm  hard  a*weathcr. 

TofiU  %ohen  /yiaf-to  with  thefore^psail  to  the  mast. 

Brafl  ly  Ae  flUaen,  hoist  the  jib  and  foretopmast-staysail,  shiver  the  main  and  misen 
jtofoeib,  and  whea  the  ship  bos  (alien  off  80^  or  3(P,  fill  the  foie-topsail,  which  was 
a-lMiA  bdbe^  tail  stand  on. 

TofiU  when  lying-to  with  the  main^topsaU  to  the  mast. 

Biaee  sharp  aad  briskly  the  fore-topsail  a-back ;  shiver  the  main  and  mizen  topt|Bib ; 
hoist  the  Jb  aal  fine-topmast  staysails,  and  brail  up  the  mizen,  all  at  the  same  time ;  and 
when  te  dbip  has  fidlen  off  20'^  or  30^,  fill  the  fore-topsail  and  stand  on. 

If  yeaaie  oU^pd  to  keep  the  wind  on  the  same  tack  as  that  on  which  yon  are  lying- 
to^  yea  ka?e  oaly  to  right  the  helm,  fill  the  topsail  which  is  a-back,  and  tnm  it  sharp,  to 
eoatinae  year  course. 

»i  second  method. 

Trim  the  topsail  which  was  to  the  mast,  in  order  to  give  the  ship  way  through  t£|» 
water,  aad  be  able  to  tack  or  run  large,  according  as  may  be  found  necessary.^    But  this  ^ 
^  - '  b  fvy  tedious,  unless  you  mean  to  heave  in  stays ;  in  which  case  it  wiU  be  meat  ^ 


r. 


•i  third  method. 

Shiterfiw  mam  and  mizen  topsails,  keeping  the  fore-topsail  full,  righting  the  hejm, 

" "^ng  np  the  jib  and  fore-topmast  staysail  at  the  same  time.     As  soon  as  the  ship 

off  enough  to  get  headway,  fill  the  after  sails,  and  keep  the  ship  in  the  diftc- 
n  to  ibilow.  It  b  easily  seen  that  thb  method,  though  the  most  common,  b 
expeditions,  when  you  have  to  veer  considerably. 

Tofia  when  l^bug  to  with  aU  the  sails  to  the  mast. 

BitSi  fm  die  mizen,  lay  the  after  yards  square,  and  shift  the  helm  a-lee.  ^Vhen  the 
ship  hw  fiOen  off  sul&eiently  to  fill  the  after  saib,  those  foryvard  are  then  to  be  braced 
•boat  uid  trinuned  (hll  abo,  in  order  to  stand  on. 

Qflj/ing-to  in  a  gale  of  wind. 

Toie-to  when  it  blows  hard,  keep  as  close  to  the  wind  as  possible  under  aome  one 
aail  wel  tiiamwd,  with  the  helm  lashed  a-lee  as  much  as  may  be  requisite  (br  tiie  ship; 
aad  as  sUpe  eoauumly  bring-to  firom  the  stress  of  contrary  winds,  care  should  be  taken 
S»Vttfe-to  aaderincii  saH  ai  will  least  strain  the  ship;  because  there  no  some  thipt 

N  n 
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which  lie-to  better  under  the  foresail  than  mainsail,  others  are  more  easy  vnto  At 
mainsail,  some  under  a  mizen,  and  many  vessels  lie-to  best  under  •  main  stajaal. 

Lyt  fZ'to  under  aforesaU, 

« 

This  is  adrontagcous  for  Tecring  irhen  you  are  well  to  windward  f  bol  llM|* 
mcnts  the  ler-way,  and  is  more  subject  to  break  the  sea  on  board,  on  acaount  of  Iht 
ship's  continual  falling  ofi*,  because  in  that  movement  she  gathers  wayfaf  jiddinftft 
the  impulse  of  the  gale,  and  is  aflenvards  recalled  to  the  wind  by  the  Mai;  wo  tkilia 
Kprin^ing  the  lulT  she  meets  the  wave  which  eomes  from  to  windward. 

Lging'to  under  the  main$aiL 

The  ship  does  not  in  this  situation  fall  off  so  easily  a<i  in  the  last  meotioiMd 
cause  its  eflcct  passes  abaft  the  centre  of  gravity  of  the  ship ;  but  it  keeps  tke  ii% 
to  the  wind,  and  consequently  occasions  less  Ice-way. 

Lying-to  tmder  the  ntizen. 

Under  the  mizen,  ships  keep  better  to  the  wind  than  under  any  other  «J1, 
iM  farther  abafl  the  centre  of  gravity  than  any  of  the  rest,  consequently  oqght  t* 
the  vessel  from  driHing  more  than  any  of  the  others ;  but  it  is  inconvenient  sluNild  yw 
have  occasion  to  veer  suddenly. 

Lying'to  tmder  the  fnmn  BlayaaU, 

Under  the  main  staysail  a  ship  will  not  make  so  much  lee-way  as  under  ai 
because  its  efibrts  pass. very  near  the  centre  of  gravity;  but  it  will,  however, 
to  dri(l  more  than  the  mainsail ;  so  that  this  mode  of  lying-to  isa  meanbetwo 
others,  and  is  preferable  when  it  blows  strong  enough  for  that  sail  to  saypail  the  nDfaiK 
of  the  ship.  It  ought  likewise  to  be  preferred,  because  the  ship  will  veer  imdertkat  wily 
ihc  action  of  which  passes  at  a  small  distance  from  the  centre  of  gravibr,  and  ttn  pow- 
er of  the  sail  overcomes  the  resistance  which  all  ships  meet  from  the  fluid  oader  their 
Ice ;  a  resistance  which  ahvays  gives  tUcm  a  great  inclination  to  fly  up  in  the  wind  when 
it  blows  hard,  or  when  under  a  heavy  press  of  sail. 

Lying'to  finder  the  fare,  mainy  and  mtzen  floytoUs. 

All  tbe  preceding  modes  of  lying-to  have  then*  peculiar  ihults ;  but  the  prefetaUa  way 
is  under  the  fore  staysail,  the  main  staysail,  and  mizen  staysail ;  becanaa  under  thaie 
sails  the  ship  will  steer,  and  is  in  a  better  situation  for  veering  than  under  any  otter  aail ; 
for  only  haul  down  the  mizen  staysail  and  put  the  helm  a-weather,  whea  the  two  other 
sails,  being  before  the  centre  of  gravity,  will  cause  her  to  fall  off ;  she  w9  then  aeon 
gather  way,  and  steer  easily. 

Should  the  gale  continue  very  hard,  and  one  of  those  staysails  be  bloiia  aarvf.  the 
loss  is  not  of  much  consequence,  as  the  courses,  in  ease  of  an  emergeuey,  aia  raaoy  to 
set ;  whereas  the  courses  arc  not  so  readily  replaced  when  lost  Tliia  aiode  thtiiifbiu 
appears  preferable  in  every  respect,*  whether  you  wish  to  veer  or  keep  your  wfaid ;  he* 
cause  if  the  ship  does  not  sufliciently  keep  the  wind,  you  may  haul  oat  the  hataaeed 
mizen,  or  take  in  the  fore-staysail,  or  even  the  main  stay  sail.  One  of  theae  ihiyaailiy 
l)cfore  the  centre  of  gravity  of  the  ship,  is  sufiicient  to  make  her  veer  as  aoaa  m  the 
ader  ones  are  suppressed.  There  are  besides,  these  following  conaiderationi  fbr  fo 
doing :  the  ship  will  carry  sail  better ;  because,  as  tbe  centre  of  cflbrt  of  theaa  OB  kr 
is  very  low  ;  she  drifts  less,  holds  a  better  wind,  and  goes  faster  throurii  the 


and  these  three  or  four  sails  arc  so  situated  as  to  give  the  whole  body  of  the  aUp  piw» 
which  will  stmin  her  less  than  when  under  one  single  sail,  which  cannot  by  itada  was 
it  from  aft  forward. 

Of  sounding  in  fair  tc'eather,  whether  dose-handed,  or  going  large. 

close-hauled. 

If  close-hauled,  brail  up  the  mizen  and  mizen-stajrsail,  let  go  the  main  ihaet  that  ftt 
f«ail  may  shiver,  put  the  helm  a- lee,  and  back  the  mizen-topsail  by  bracin|^  it 
The  head-sails  as  well  as  the  jib  and  staysails,  are  to  be  kept  in  their  firat  sltaatL..^ , 
collecting  to  haul  tight  and  belay  the  lee  braces.     When  the  ship  has  nearly  loot 
headway,  though  continuing  still  to  come  to  the  wind,  yet  catch  that  moment  to  ' 
the  lead,  and  it  is  to  be  hauled  in  again  with  all  possible  despatch.      To  fill  ^^afa 
aft  the  main-sheet,  trim  the  mizen  topsail,  and  right  the  helm. 

,  Going  large. 

In  going  large  you  have  only  to  put  the  helm  a-lee,  to  brail  op  the  miien,  and  hahy 
the  lee  biaces  quite  tight,  to  prevent  the  yards  having  too  mueh  play  whea  the  aafla  aia 

*  *?^!!' J^  isa  nu  loo  hlffa  for  tbe  kmer  rtivnils  lo  ketp  the  iblp  ftcMfv,  a  ckt^tfiW  i 
win  be  HMmd  to  annrer  tbe  purpose  adfniniMy. 


EVOLUTIONS  AT  SEA:  27J 

It  kimponible  to  tuck  in  this  utuation,  at  ibe  jib  md  hcad-saila  ore  sin)'* 
•eboo :  isJ  Ibe  >qu8re-«uli  iwiii  earning  to  ibake.  on  acconnt  of  their  thtrU  ool 
Ocked,  tb<7  lo«e  iill  their  poircr,  ■nd'  llie  (hip  ii  loon  at  ■  slaiid. 
Jnnlker  inithni  prijrratli  U  tki  femur. 
Geiiig  targi, 

re  (ho  bnilasilt  «quue,  biul  down  thojili  nnil  ilajtail.-,  niUtoul  iiiinn~  ilie  afire 

Vttv  tad  Hit  tbe  belm  B-lee.  IVbile  ths  ship  bai  itill  s  little  hcadwaj,  besie  the  Ind 
9Mm  tbe  place  sbere  jou  baul  it  in  :  tbal  Irnd  Kill  ^  Gnt  a  little  i-slern,  but  the  ^ip 
teiac  bead  to  wind,  Kill  Mon  hrncJr  go  a  iteni  right  upon  the  line  ;  snd  as  the  belin 
is  s-lcc,  tbe  sbip  eanlj  teen.  But,  if  you  »i«h  lo  keep  her  to  longer,  right  the  helm 
■od  katil  Ibe  mixen  out  to  preient  the  ship's  railing  off. 

If  fou  ban  ibiddtng  sails  Mt,  Ihtj  must  be  hauled  dann,  particulaiij  th«  loner  0De«  ; 
becuM,  shouM  the  wind  IbIec  Ibem  shark,  their  po»ei  on  the  boom  might  bring  tbr 
■hip  roand  coliRlj,  for  thej  act  on  s  leier  nithout  the  ibip,  the  rulenun  ot  nhich  a  on 
tbe  Mtiide  of  tbe  vessel  before  the  ceulre  of  gratitj.  If,  however,  the  heliniicoiitiniic<l 
B-lee  till  tbe  ship  falls  Olf,  she  will  not  rame  about,  because  tben  tbe  iciscl  goes  a-stetn 
with  creU  xdoeilj,  and  the  mdder  acts  pon-crfullj  lo  make  ber  teer ;  but  the  fact  if, 
''>lAeakip  wiH  go  a  great  deal  a-ttero,  and  willeaolinuo  to  do  so  mucb  longer. 
Clost'hanttiL 
■oled,  or  a  tct^  little  from  the  Hind,  thi  helm  is  lo  be  put  a*1ee,and  (he  Iii- 
«  aaiU  are  talun  a-back  tbe  hendsaili  are  to  be  filled  by  brisbljr  bracing  them 
viOont  waiting  for  Ibe  wind  being  right  a-bead,  tben  a  little  before  tbe  ihipbaa 
Iwr  w*f,  benra  tbe  lead  from  the  place  whtre  jou  haul  it  in,  and  Ibeu  proceed  as 


W]kq  it  happens  that  there  is  not  sufficiant  room  to  work  in  a  tide's  tnj.  through  a 
(Taw4  ot  shipi,  or  in  a  narrow  channel,  but  that  the  ship  Diutl  drive  bj  &e  help  of  ths 
lide.  It  maj  be  done,  proiided  the  tUlv  be  strong  enough  in  proportion  lo  the  wind. 
Thai  act  eottfbt*  in  keeping  the  ship  in  a  fair  wsj,  bf  a  manageiuent  of  the  rudder  and 

To  drixi  to  nrinJienrJ,  lehen  tht  trmd  ii  agaimt  Uii  tidi. 

Jt  the  channer  l>  sulEcientlj  brosd,  the  ship  shouM  lie  driAed  brotulside  to  tbe  wind, 
•1  the  tide  will  then  hare  the  )[rcaleit  isomer  on  ber ;  and  could  Ibe  ship  be  backed 
a  atuu  or  shot  a^^iead  at  pleasure, she  might  be  hejl  drifting  upon  the  same  lack  with 
■afbtr ;  but  shifa  in  a  tide's  way  can  neier  he  backed  so  far  a-slem  as  Ihej  will 
•koat  a-head.  At  the  Gnl  of  a  slem-board,  a  ship  irill  go  briekly  aslctn,  but  ffill  soon 
fcUofl^  anddfin  with  Ibe  windaball  the  h«iun,  forging  a-bead  ;  for  tbb  reason  she  must 
b«  dlifted  with  tbe  hehn  a-lee.  It  follows,  as  a  sKp  will  shoot  more  a-hcad  than  abe 
oa  be  backed  astern,  that  she  will  at  length  amre  at  the  opposite  shon,  when  she  must 
be  Majed  m  leered  and  drilled  apoa  the  other  tack.  If  she  is  lo  be  stajred,  (which  ia 
prefefabte,  becuue  le^s  drin  will  be  lost  by  il)  let  the  sails  be  filled  in  time  to  giie  the 
■Up  ssffieient  heulwair  to  bring  her  about,  then  put  the  helm  o-lce.  Should  she  come 
■boot,  the  saila  aivd  belm  haring  now  n  proper  position  for  a  stemboard  upon  the  other 
Mdt.  Med  sac  be  touched  till  her  sternway  reases,  when  the  belm  must  be  shifted  a-lec  : 
but  dtouU  tke  sbip  refuse  stays,  tfaea  brace  sharp  round  the  heulyarda,  and  boihaul  her, 
tij  wblch  Dietbod  tbe  will  lose  much  less  drift  than  by  )eering. 

If  tbe  ship  DOW  drifting  broadside,  i>  approaching  a  narrow  ehannel,  where  drilUng  in 
Ait  poailian,  she  muil  be    leered  aod  dropped,  iKtnreing  the  liUe  stern  foremost     lo 
ponible,  it  will  be  ncuessalj  to  take  in  sul. 
only  siceragc  way  left  ;  Ibua  a  ie«el  may  be 
tnfpcd  thm^h  a  Sent  of  ships  at  anchor  without  danger. 

To  Jrire  irhrn  the  wind  is  tnu  thi  liilr. 

Sboaldtbe  wind  he  a  lillle  across  the  tide,  n  ahipmlj  be  etuilj  drifted  iatbelUrw. . 
»<(h  her  belli  towudi  the  weather  shorG  ;  forlhuo  it  iMl  be  found  that  she  can  be  buk> 
rd  aad  filled  at  pleasure,  and  generally  be  dnQed  with  tht  sails  sbireriiig.  in  which  po- 
titiM  they  appose  leasl  power  to  prerenl  the  drift. 

It (nquenlly  happrtin,  i    serpentine rir^ni, that  the  tide  i  . 
■^— — H  be  AKIed  with  ber  hrad  to  the  side  from  Bbicb  the  tide  sets.     The*:  « 


1^  obsorring  the  opening  or  sbuttiDg  of  two  oljocts  in  tbe  diti 
?itrc(cb  the  s*>t  a-tbwirl  the  deck,  the  ttatboard  sidn  of  Iti 
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the  Itrboard  to  the  larboaid  side ;  then  bci)d  yard  rones  to  tlus  ear-rbg  cringleSy  And  main 
fast  the  bead  ear-rings  a  few  Tcct  up  uiK>n  the  ^ard-roptts.  The  bunt^lifMSBy  leech  Bpob^ 
chie  garnets,  and  all  the  gcer  bctit,  make  fast  a  rope-band  to  eaeb  hunt-line  and  leech- 
line  leg,  that  the  men  may  be  enabled  to  catch  the  head  of  the  sail  from  Um  jnrd.  Now 
man  well  the  yard  ropes,  bunt-lines,  leech  lines,  and  clue-garnets,  and  nn  Jne  sail  op  to 
the  xard.  The  sail  alol^  send  the  hands  up  to  brirg  it  to,  and  let  them  hanl  out  the 
weather  ear-ring  first,  then  the  lee  ;  and,  if  it  is  a  new  sail,  let  them  ride  the  head  roptf 
to  stretch  it.  I'he  sul  being  hauled  square  out  upon  the  yard,  make  fast  the  npe-liaodr, 
keeping  the  head  of  the  sail  well  upon  the  yard. 

To  bend  a  topsail  in  fair  weather. 

Overhaul  the  leeches  of  the  sail,  put  in  the  car-rings,  bend  the  bow-Une  Iqei,  lay  out 
the  clues,  and  open  them  if  necessary,  and  make  the  sail  up  snug  again ;  then  round 
down  upon  the  le'e-topsaiUballards  till  the  weather  fly-block  is  high  enoiq^h  to  bring  the 
sail  up  over  the  guard-iron :  then  rack  the  tie  over  the  weather  rigging.  Now  pile  the 
aafl  upon  slings,  with  the  lee-^idc  uppermost :  hpok  on  the  topsail  haMards,  and  ran  the 
topsail  up  into  the  top :  then  sttfetch  the  sail  round  the  fore-part  of  the  top,  bend  the 
jeer,  and  make  fast  the  head  ear-rings  a  few  feet  up  upon  the  reef-tackle-pendaniSy  with 
a  rope-band  or  two  to  each  bunt-line  leg.  The  jeer  being  bent,  man  the  reeve-tackles, 
bunt-lines  and  cluMinet,  and  haul  out  the  sail.  Now  let  the  hands  lay  out  upon  the 
yani,  and  haul  out  the  weather  ear-rings  first ;  then  haul  out  to  leeward,  and  ease  off  to 
windward  till  the  sail  is  square,  when  make  fast  the  rope-bands,  keeping  the  head  of  the 
sail  well  up  upon  the  yard. 

,   To  set  A  mainAtil  or  foresail. 

Before  the  sail  is  loosed,  let  the  double  block  of  a  tackle  be  made  fast  to  tike  wMlbef^ 
cltio,  and  the  single  block  be  hooked  low  down  upon  the  chess-tree,  and  the  (all  led  aftr 
Then  man  well  the  tack  and  fall  at  the  same  time ;  and  when  the  sail  is  looted, 
case  away  the  weather-clue- ganict.  let  go  the  bunt-lines  and  leech-lines,  bowaedown 
upon  the  tackle*  and  take  in  the  main- tack  ;  the  main-tack  being  down,  haul  aft  thfs 
sheet,  brace  up  the  yard,  and  haul  the  main-bowline. 

To  set  a  topsail. 

Ixt  a  tackle  be  in  readiness  (o  clap  on  either  sheet,  os'may  be  required.  First  man 
ihe  lee-sheet ;  and,  the  sail  being  loosed,  ease  down  the  bunt-lines  and  lee  doe-line,  and 
haul  home  the  Ice  sheet ;  then  haul  home  the  wcaiher  sheet,  hoist  the  M,  and  brace  up 
as  required. 

Should  the  wind  be  quartering,  the  lower  and  topsail  yards  should  be  braced  wcU  into 
ihc  wind,  befbrc  the  sail  is  sheeted  home. 

To  take  in  a  coursr. 

Mtin  well  the  weather  cluc-^ai'iict,  ease  off  the  tack  and  bowline,  and  run  it  up ;  then^ 
man  the  lee  clue-garnet,  bunt-lines,  leech-lines,  and  weather  braces;  and  pchigallready, 
ease  away  the  sheet,  haul  up  tho  chie-g5rnet,  bunt-lines,  and  leech-lines,  andnwftd  in 
the  weather-brace,  till  the  yard  is  pointed  to  the  wind.  Then  haul  t^ht  the  Cxuaaes,  braced, 
fifts  and  rolling  tdckle,  and  let  the  hands  furi  the  sail. 

To  take  in  Ike  foresail  in  the  time  of  veering, 

^Vhen  the  ship  begins  to  veer,  the  yard  being  kept  braced  sharp  up,  let  go  thetadh  and 
bowline,  and  haul  up  the  weather  clue-garnct.  When  the  ship  is  nearly  before  the  wind, 
the  bunt  and  leech-lines,  and  the  other  clue-garnet  may  be  hauled  up ;  and  tf  tte  aitua- 
tiofi  admits  of  it',  and  occasion  requires,  the  ship  may  be  steered  with  the  wind  on  the 
quarter,  till  the  sail  is  secured. 

To  take  in  a  topsail. 

There  arc  many  opinions  upon  the  best  mode  of  performing  this.  Some  a(EprOTe*of 
cluing  up  to  windward  first,  and  others  to  leeward.  If  the  weather-side  b  to  be  dued  op 
first,  the  weather  brace  must  be  rounded  well  in,  and  the  yard  got  close  down  upon  the 
lifts,  otherwise  the  lee  rigging  will  be  in  danger  of  being  carried  away  by  the  great  pres- 
sure of  the  lee  yard-arm.  If  the  weather  brace  can  be  rounded  well  in,  and  &e  jardb6 
got  close  down,  it  will  be  best  to  clue  up  to  windward  first,  for  thus  the  sail  may  be  taiini 
in  without  a  shake,  but,  if  the  weather-brace  cannot  be  hauled  in  to  ease  the  yard  off  the 
lee  rigging,  recourse  must  be  had  to  cluing  up  to  leeward  first.  In  this  case,  it  wiB  he 
Lest,  if  hands  can  be  spared,  to  man  boUi  the  clue-lines,  bunt-lines,  and  wctther-bnee, , 
at  the  same  time ;  thus,  when  tlie  lee  sheet  is  cased  ofT,  the  weather-brace  may  be  landed 
in  with  ease,  and  the  yard  laid  to  the  wind ;  and,  when  the  lee  clue-line  b  half  up,  ease 
ofl*  the  weather-sheet,  and  run  up  the  weather  cluc-linc  ;  then  haul  tight  Jhc  Iqk  biW», 
bowse  light  the  rolling  tackle,  and  furl  the  sail. 
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ISui  iiclte  iown-kaul,  kt  go  the  htliaids,  CMS  bff  tbe  ihaet,  and  htd 
nd,  vhfli  Ae  Mil  b  dose  down,  ease  awaj  the  out-haul,  and  haul  the  aail  into  the  bow- 
t^tM  op  J  An  let  it  bestowed  away  in  the  fore-staysail  nettlBK; 

To  kmd  m  m  hwer  ttuddmg-sdL 

To  hanl  in  a  lower  studdiiq^-sail,  blowing  fresh,  lead  one  of  the  sheets  dear  aft,  and 
■Ban  it  well :  tiien  lower  away  bruAJy  the  outer  haliards,  to  spill  the  sail ;  t^tt  off  the 
tack,  iim  in  opoo  the  sheet,  and  tower  away  the  inner  haKards  as  recpiiied^ 

To  kmi  dowk  4  topmait  ituddmgsaU, 

Man  weD  the  deek  sheet  and  down  haul,  ease  off  the  haliards,  and  haul  the  yard  dose 
out  to  the  tack  block;  then  ease  away  the  tack ,  and  haul  down  both  upon  the  de^dwet 
amddowBliaaL 

TohraU^^andhalddo^ma^naM^4o|nna$t'ttag»^ 

9 

Man  wefl  the  lee  braO  and  down-haul,  harine  a  few  hands  to  gather  in  the  stock  of  the 
-nreatherhnA;  then  tot  go  die  haliards,  ease  off  the  sheet,  and  haul  doim  and  brail  id  as 
lirisklyaspairibie.  Whenthesail  is  down,  tot  go  the  tack,  and  stop  the  sail  o?er  to  the 
lee  iota*i%gto|f* 

To  braS  up  a  ausM. 

Man  wdl  die  lee  braib,  ease  off  the  mizen  sheet,  and  braO  up  briskly,  taking  in  at  the 
lietee  tito  thdL  of  the  weather  brails.    After  the  sail  is  hauled  up,  stop  iU  foot  bf 


«0gad»lnrandtotoelraid  whkh  wiH  spill  it 

To  take  in  top-;aB0il-«nL 

l^e  fee  dMet  nmstbe  started  first  and  clued  up,  and  then  th^  weather  dieei. 

To  unbend  a  eoune, 

Fiist  fori  the  sail,  then  cast  off  the  rope-bands  and  make  them  last  round  the  fail,ftotr 
off  the  gaskets.  When  the  rope-bands  are  all  off,  ease  off  the  toe  ew-ring,and  lowerdown 
the  sail;  and,  when  the  peopto  upon  deck  hare  got  hold  of  the  1m  part  of  the  saflt  ease 
away  the  weather  ear-rii^f. 

To  unbend  s  top-ami. 

Fint  cast  off  the  points  of  the  reels,  keeping  fast  the  ear-rings ;  then  fori  the  sail 
and  cast  off  the  lope-bands,  which  make  fast  round  the  sail,  clear  off  the  gaskets.  After 
this  cast  off  the  toe  ear-rings  and  haul  the  lee  side  of  the  sail  into  the  top;  then  hanl  hi  die 
weather  side.  Now  unbend  the  reef-tackto,  pendants,  bunt-lines,  and  howUnes ;  bight 
the  sail  snngl^  up  together ;  and  send  it  down  by  the  cluc-Unes  to  windward  or  to  tee- 
iv^ard,  as  most  conrenient. 

On  icudding  or  bearing  away  m  a  ttcrm, 

When  the  tirates  run  hig^,  and  sudden  necessity  requires  to  bear  aw^,  it  should  be  con- 
aidered  that  the  lower  saib  forward,  which  the  ship  may  be  veered  under  when  she  comes 
Iwfore  the  wind,  may  be  becalmed  by  the  height  of  the  wares  breaking  viotondy  agdast 
the  stem ;  and  that  therefore  a  dose-reefed  maintop-sail  should  be  set  to  catch  the  wind, 
because  it  to  a  lofttor  nul,  and  may  dways  be  kept  drawing  full  abore  the  wares.  This 
ineitaaes  the  ship's  headway  so  much  that  the  waves  will  not  strike  her  abaft  with  •• 
great  a  fdoeHy  as  when  her  headway  is  less. 

Hence  it  fdlows,  that  wheh  going  to  scud  before  hi^  waves,  the  close-reeled-niain- 
topfldl  should  be  the  tost  s<iuare  sail  taken  in  in  a  tobounome  ship. 

Of  a  ship  overset  on  her  aide. 

A  common,  but  not  always  a  certain  method  to  recover  ships  from  (Ms  dangerous  situa- 
tion, to  to  cut  away  the  miasts :  however,  as  thu  expensive  method  may  foil,  stop-waters 
oaif,  on  die  lee  quarter  at  sea,  may  cause  the  ship  to  veer ;  or,  where  there  to  ground, 
an  anchor  or  anchors  dropped  from  the  lee  bow,  may  faring  the  wind  a-head  and  take  the 
ailb  a-back,  so  as  to  cast  the  ship  on  the  other  tack,  aal  bring  her  upright. 

To  rig  a  num-topmaat. 

Tar  the  mast-head,  get  the  cross-trees  over,  fix  the  bolsters  and  parcel  them,  pot  over 
tknton  pendants,  then  the  shrouds,  brcast-back-stay,  proper  and  spring-stay  and  cap,  sway 
up  the  mast  and  fid  it,  seize  in  the  dead  eyes,  sti^  the  mast,  set  up  the  shroudSy  rattto 
Uiem  down,  lash  the  buUock  blocks  to  the  mast  head.     ^ 
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To  rig  a  topgdUoU  mast. 

Send  down  the  top-rope,  reere  H  throogh  the  sbeeTe-bole,  and  make  it  ftot  roui  tk 
bounds  of  the  matt  and  standing  part  of  the  rope,  leaving  enough  end  to  mahn  Au*  to 
the  ^,  which  done,  sway-awny,  when  the  head  is  throo^  the  cap,  main  tet  tha  t/m% 
end,  or  standing  part  of  the  toi>-rope  to  the  cap,  cut  the  seizing,  clap  on  the  groBBMt, 
then  the  shrouds,  back  stays  and  stay,  sway  up  the  most,  fid  it,  and  set  theiig^ag  upw 

To  rig  a  bowsprit. 

Lash  the  collar  fore-stay  for  the  bob-stays  and  bowsprit  shrouds,  then  tte  aoBtf  for 
the  spring  stays,  then  the  block  for  the  topmast  stay,  fix  the  man-rope,  g— r*— *  the 
bowsprit,  and  set  bob-stays  and  shrouds  up. 

To  rig  ajii-boom. 

Put  over  the  traveller,  horses,  guys,  the  topgallant  stay-block,  and  laah  on  Hhrn 
for  the  topgallant  bowline  and  jtt)  down -haul  block  to  the  traveller. 

To  rig  a  lower  yard. 

Get  it  athwart  the  gunwale,  lash  the  jeers,  quarter  clue-garnets, 
Itnee  and  slab-line  btocks ;  then  put  over  the  yard  arms,  the  horses,  brace  penjil^  the 
yard-tackle  pendants,  then  the  top-sail  sheet  and  lid-blocks,  reeve  the  jeen, ' 
and  yard-tackle  Ihlls,  truss  parcels,  sway  the  yard  up,  and  haul  all  taut 

To  rig  a  fore^opsml  tford. 

Reeve  a  top-rope  through  the  bullock-block  and  send  it  down,  and  haiviqf  ff^At 
horses,  make  the  top-rope  fast  to  the  middle  of  the  yard,  stopping  it  to  ^km  j 
sway  it  up  above  the  top,  put  over  the  brace  pendants  and  lift  blocks,  reeve  tha 
braces,  cut  the  yard-arm  seizing  and  cross  the  yard,  lash  the  tye,  bunt^Une  nnd 
blocks,  reeve  the  tye  and  haliaMs,  sway  it  up  above  the  cap,  and  parealit,  nmm  te  doe- 
lines,  bunt-lines  and  reef-tackles. 

To  rig  a  topgalUoit'yard, 

,  Seize  the  due-line  blocks  on,  put  the  horses  over  the  yard-arms,  iway  it  opOB  fhe  en 
and  rig  the  yard-arms,  by  putting  on  the  brace- pendants  and  lifts,  then  emoa  tk»  jiA 
and  parcel  it. 

To  steer  a  sfdp  when  her  rudder  is  lost. 

To  take  a  large  spar;  or  part  of  a  topmast,  and  cut  it  flat  in  the  form  of  aaton-poat, 
bore  holes  at  proper  distances  in  that,  part  which  is  to  be  the  fore-part  of  te  ptatmier 
or  additional  stern-post,  then  take  the  thickest  plank  on  board,  and  make  fit  aa  BMHr  aa 
possible  into  the  form  of  a  rudder,  bore  holes  at  proper  distances  in  the  fiKMutaf  H^ 
and  in  the  after  part  of  the  preventer  stem  post  to  correspond  vdth  ea^  o&ar:  and 
reeve  rope  grammots  through  those  holes  in  the  rudder,  and  after^part  of  the 
for  the  rudder  to  play  upon. 

Through  the  preventer  stern-post  reeve  guys,  and  at  the  fore-part  of  them 
and  then  put  the  machine  overboard ;  when  it  is  in  a  proper  position,  or  in  aUne  wilii  tiba 
ship's  stem-post,  lash  the  upper  part  of  the  preventer  post  to  Uie  upper  part  oTtta  tM^ 
etem-post,  then  hook' tackles  at  or  near  the  main  chains  and  bowse  taut  on  tbagna  la 
confine  it  to  the  lower  part  of  the  preventer  stern-post : — having  holes  boied  thie^p  tha 
preventer,  and  proper  stern-post,  run  an  iron  bolt  through  both,  takuu^  care  not  tar  * 
the  rudder,  which  will  prevent  the  false  stem-post  from  rising  un  or  iSjling  down. 

By  the  guyi  on  the  after  part  of  the  rudder,  and  tackles  amed  to  them,  tte  a^i 
be  steered,  taking  care  to  bowse  taut  the  tackles  on  the  preventer  atem-poat  t^  koep  tt 
*  close  to  the  proper  stem-post. 


TABLES  I.  and  11.  Difftrmct  e/  Lalitudi  omf  DtpwHac—The  But  table  conlsin* 
Ibe  diftieiioi  of  latilude  and  departure  correspoudiDg  lo  diilincci  not  ciceedinE  300, 
■nd  Ibr  ««U»ea  to  every  quartcr-poiDt  of  the  compait.  Table  II.  u  of  the  tamt  nature 
and  Client,  but  far  couniea  consuting  of  whole  decree*.  The  muincr  of  using  Ibeie 
Ubka  i*  patticalwlj'  eiplained  under  the  article  of  Inspection,  iu  the  diSerent  ProLlema 
of  PUm.  Middle  Latitude,  lud  Mercator')  RiiiUiig. 

TABLE  111'  Mrridumal  Paris. — Au  eiplaaation  of  thii  tible  laaj  befonnd  in  pagei 
77  aad  79,  uid  tbr  usei  of  it  arc  abown  iu  all  the  Problems  of  Mercatur's  Siiliog. 

TABLE  IV.      TIh  Sbh-s  Dtdiltalim. 

TABLE  !V.  A.  This  table  eaolaias  the  iqvatim  ef  time  for  trfTj  noon  at  Green- 
trkb  and  ia  to  be  reduced  to  any  other  hour  b;  DWaiu  of  Table  \l.  A.  Thus,  guppme 
the  aquUiiKi  af  time  was  re()ui^e^l  for  Maj  i,  18S4.  sea  lecaunt  at  10  A.  M.  apfMuvnt 
time,  coneaponding  to  Ma;  Id.  Hb.  by  the  N.  A.  Table  IV.  A.  gitei  the  equadao  Uaj 
l.■tlKM»^sl^.  3m.  53.  and  daily  uwrtoK  S°.  Find  this  at  the  lop  in  Table  VI.  A. 
>nd  99b.  at  the  aide,  the  comsponding  correclion  7i.  inenani  the  equation  3m.  69.  to 
3nL  19a.  which  ■■  the  equation  at  the  proposed  lime.  Thus  7i.  could  ha<e  been  nib- 
Irattht  if  tbe  equiitioD  bad  been  deereamg,  na  it  ia  in  March.  The  equatioD  of  time 
btiag  (has  found,  lut.  3m.  12s.  is  to  be  subtncted  from  the  opforml  time  ISh.  is  in  the 
UhfctDceltheQKaHlimc  JIfa.  5bra.  Ids.  [f  the  vum  tune  91h.  56m.  48s.  had  been 
gma  lo  Cnd  (he  mppamil  ii  must  be  applied  diflerently  from  the  diieclion  in  tin  latde, 
Bad  in  (Us  cianiple  must  therefore  be  added  to  Slh.  ^'im.  48*.  to  obtain  the  apparent 
tiiBetSb. 


Am  table  may  be  used  then  a  Nautical  Almanac  csnaol  be  procured,  and  no  great  ac 
— ncy  b  required.      The  Table  Is  lo  be  entered  at  the  top  wiih  the  month,  and  at  the 

It  with  the  day  of  the.  month. 
f  TABLE  Vlt.    Jrnflilutltt.—Tiut  table  is  explained  in  page  1 13. 

^TABLE  VTIL     Right  jtitrariBiu  xuf   DccfJRafiinu  0/  Ihe  pnadpai  find   Stan.— 
'as  the  r^hl  ascensions  and   declinations  of  Ihe  principal  fixed    star*, 
It  of  January,  l^JO,  and  the  annual  lariatiom  in  ri^l  afcension  and 
BCant  of  which  Ihe  right  ascensioni  and  declinitiODs  oC  any  of  these 
•Urs  BUT  beatilaiaed  for  my  lime  before  or  aH^r  Ihe  year  ISSO,  by  the  rule  at  the  end 
«f  the  table.    Tn  ilhislrsle  the  method  of  doing  this,  nc  shall  here  giie  the  falloiring 


w6t^*A  lati 
decnattioo , 


»»p(a  of  Table 
ccniina  may  be  obtained  within  ! 
To  find  ■■ 
EXANPLEl. 

■,;ar -—"*»•'"' 

HMttHUn  In  IkrTsbli  in  ino 


may  be  found  aecnntely  hy  Ihe  Nautical  .Uma- 
daily  diflerence.  as  will  be  eaplBined  in  the  pi«- 
Pre  no  great  arcimey  is  requited,  Ihe  r%ht  a*- 
linulea.  by  meani  of  Table  VI. 

••lulml  iM  WeilwloD  of  AUttxru,  JsMWcy 


{  HLdO  ) 


EXAMPLE  II[. 
Reqoired  the  decUaatioa  of  Spicm^Uty  20, 1828  f 

Pecliintion  li^  the  TU>1e  In  1830  IQO  18  6. 

Variiuion  in  6  years  4$  mouths  S 


DecUnation  May  20,1836 


lOO  15'  S. 


laCAMPLEXV. 
Required  the  dedhuioo  of  SiriM^ 

797? 

Declination  hy  the  Tabia  la  lUO 
Var.  in  22  years  1  month  S4  days,  is  nb. 

Declination  Norember  6, 1197 


s 


tfB  sr& 


The  right  asceoBions  aiid  declinations  obtained  by  the  preceding  calciilfttiiHia,  are  tbe 
mean  vahies,  to  which  must  be  applied  the  corrections  for  the  Natation  and  AbenmtioQ 
Tables  XLII.  XIJII.  in  cases  where  great  accuracy  is  required,  as  is  now  done  in  Uw 
Nantical  Almanac  for  24  of  the  brightest  stars  for  every  10  days  in  the  year,  and  tboi^ 
numbers  in  the  Nautical  Almanac  are  to  be  preferred. 

To  fuid  witen  a  star  will  be  on  the  meridian. 

Rule.  Find  the  right  ascension  of  the  sun  and  star  in  the  preceding  tables  YI.  and 
V'lII ;  subtract  the  sun^s  right  ascension  from  the  starts,  having  previously  inoeaaed. 
the  latter  by  24  hours  when  the  sun's  right  ascension  is  the  greatest ;  the  remainder  wiD 
be  the  time  of  the  star's  coming  to  the  meridian.  If  the  remainder  be  greater  ten  18 
hours,  the  star  will  come  to  t>j  meridian  after  midnight ;  but  if  less  than  12  honrii  be- 
fore midnight. 

EXAMPLE  n. 
At  what  time  will  Poilox  be  on  the 
Murcb  31  ? 

Pollux'*  right  ascension 
Sun's  right  ascension 


EX.\MPLEI. 
At  what  time  will  AiUebarou  be  on  the  meridian, 
January  If  h.  m. 

Aldebaran^  right  ascension  4  2C 

Add  24 


8un*s  right  ascension 
Aldebaran  souths  io  tlie  evening 


28  2fi 
IS  45 


9  41 


Comes  to  tlie  meridian  in  the  evening 


£59 


EXAMPLE  IlL 
At  what  time  tviU  the  star  Kc^ ulus  be  on  tbe  me- 
ridian, December!  2  ?  h  ro. 
Reguius'  right  ascension  9  59 
Add                                                                  24 


S3  &\* 

17  n 


4  42 


EXAMPLE  IV. 
Required  the  time  when  the  star 
ou  th<;  meridian,  Jnae  1  7 
Komalhaut^  right  ascensioa 
Sun's  right  ascension 

Afrer  midnight 
Siibiract 


(n  the  morning 


U  i3 


Suii^s  right  asceusion 

After  midnight 
Subtract 

In  the  morning 

To  find  what  star  will  come  upon,  the  meridian  at  any  given  ftmc 

RiTLc.  Add  the  time  from  noon*  to  the  right  ascension  of  the  son,  tbe  sum  (ifjeefii^ 
34  hours  when  it  exceeds  24)  will  be  the  right  ascension  of  the  star  required  to  be  known ; 
with  which  enter  the  table  of  the  star's  right  ascension,  and  find  what  8tai*8  r%|U  as- 
cension agrees  with,  or  comes  the  nearest  to  it,  and  that  will  be  tbe  star  reqniredt  if  tbe 
dbc'.inHtion  of  the  star  agrees  with  the  table,  which  may  be  ascertained  by  oteerfiag  tt^ 
meridian  altitude  of  the  star,  the  latitude  of  the  place  being  given. 


EXAMPLE  1. 
What  star  will  Ims  on  tbe  meridian 
nigtit,  Januar>-  26  ? 
Sun's  right  ascension  January  26 
UIvcu  time  10  Lours  P.  M. 


I  EXAMPLE  IT. 

about  10  ai|    What  «tar  will  be  npon  the  meridian  90 
b.  m.  .oast  four  iu  the  rooming,  Magr  10  f 
20^1 
10      ! Sun's  right  ascension  Mav  10 

;Uiveii  time  16  hours  90 mfnates 


Subtract 

Nearly  ans>vers  to  Sirlu* 

EXAMPLE  IU. 
What  star  i\ill  ti«  on  tbe  meridian  at  6h. 
V,  M.  April  1  i 
Sun's  ri(jrht  ascension  April  l 
(iiren  time 


sosci 

21     (Right  ascension  of  mid.  heaven 

;  Answers  nearly  to  Atair  in  tine  Eagle. 


19^ 


^\ 


5Sm. 
h.  m. 

42 
6  53 


Right  ascensien  of  the  mcrldifto* 
Answers  nearly  to  PoUux. 


7  S5 


EXAMPLE  IV. 

What  star  will  be  on  tbe  meridiaiii 
at  &ti.  S7m.  P.  H-  7 
Slurs  rierht  ascension  Sept  I 
Given  time 


Right  ascension  of  the  merkUan 
.^ttswers  nearly  to  Antnrps. 


2. 
10 IJ 

tfll 


In  all  the  preceding  examples,  tbe  rigbt  Ascension  of  the  &un  ought  to  hare  beenoH 
lated  for  the  moment-^of  tbe  stnr^s  passing  the  meridian,  as  will  be  more  taSij^' 


culated 


plained  in  the  precepts  of  lablcXXXL 


-.f.  V^  ^"**  ^™"*  ^^^*^  "»"**  *>«  reckoned  from  i4ht  preceding  noen,  so  that  A.  A. 
called  iHlu  .  o  » 


:«i  , 


1 


nu'diuntal  mil  Semt-iUKbmal  EivAri.— -Tkut  table  exhibils  Cilf 
tUI  object  conliuuci  aboire  Ac  horiion  nhen  the  laliuidc  ani  ie- 
mtn  of  the  aame  name,  or  below  vhen  tbc;  are  of  ■  canlrerr  name  ;  the  for- 
■e  being  unollj  called  the  Kmi-diuniil  krch,  the  taller  ttic  umi-nocuiriuil  urh ; 
Ibe  time  of  rising  nad  icttiag  may  be  compulM,b}  [be  following  rules. 
*  T'Jbid  tit  thai  »J  tkt  nin'i  ruing-  and  idling,  md  Ue  lengtli  ef  Iht  day  and  nighl. 
lhn.1.  Find  the  iim't  declinaUDii  at  the  top  of  the  pn^  nai  the  laliludD  in  eitlier 
■ide  eohnnn,  under  the  fomter,  and  oppotile  tfae  latter,  <till  be  the  time  of  tlie  um'i 
seUi«  if  the  btitade  and  decUnalJon  me  of  liie  inme  name,  but  the  time  of  lisiog  if 
of  di&rent  nimea. — Tbe  time  of  riling,  tubtracted  from  IS  boun,  irilt  j;ive  the  time  oT 
Betting  i  or  the  dmc  of  icltiag,  lubtracted  from  li  bauri,  will  gite  the  time  of  riaing. — 
The  liaM  at  riiing,  being  doubled,  will  give  the  length  of  the  night ;  and  the  tima  of  aeti 
ting,  being  dauMed,  will  gin  tbe  Icogtb  of  the  dnj.  ' 

EXAMPLE  I. 
Let  it  be  required  to  find  Ibo  time  of  the  lun's  rising  and  sottingi  with  the  Icoglll  oC 
tbe  dij  and  n^t  in  latitude  51^  north,  the  I9lh  of  Julj,  ISSO  1 

Tbe  nn'«  deeliBaiiaa  on  the  given  day  wu  90^  51 '  north,  or  3 1°  noorijr,  under  whlcS, 
mni  apunM  tbe  latitude  5|°,  itand  Th.  53in.  the  time  of  the  tun'i  tetling  on  tbe  given 
daj,  in  laL  SI"  north,  which  doubled,  givea  lab.  46m.  the  length  of  the  day ;  and  b; 
■ubtiscting  7b.  S3niu  from  12fa.  the  remainder  4b.  Tm.  ii  the  lime  of  the  iud'b  riaing, 
which  doubled  giiei  Sh.  14ni.  tbe  length  of  the  n^t. 

Bat.  when  the  nin  hoi  jl^  south  decbnation  in  Ibio  lalitude,  the  time  of  son  lettlns 
bc<otaes  4h.   Tm.   the  time  of  rising  7h.  a3m.  the  length  of  tic  day  Sh.  14m.  and  the 
ie^tb  of  tbe  (UBht  l&h.  4em.  as  was  tbe  caM  nearly  on  the  36th  No'ember,  1830. 
KXaMPLf:.  11.  EXAUPLE  11 


iBlfbL, 


■nil  hx^  of  Oai  in  UiUnda 

iifiz?e.itijja&. 

"3U«U«rt«liD.linDIP>JSarlB=«.l      Juoi 
rt«eof«n'.«li-s                                       *    s 

n^lenphaf  Unil.r 

■  VTi 

VObo  a  grval  d^ree  of  accuracy  if  required,  proportional  piirts  may  be  ukcn  for  |hp 
W"f  ■»*■  of  '«■<«— If  and  declination. 

T»  fad  Ut  tiautf  riling  md  utUng  a/  liars  wlnie  ilfcdnnftm  dtiti  not  tzcetdilPiS. 
Enter  Table  IX.  and  find  the  nlir's  doeUnstiun  at  the  top,  and  (be  lalilude  at  the 
aide ;  nnder  the  former,  and  oppojilc  to  the  latter,  will  be  the  Hmi-diumal  arch,  when 
the  latilode  Mtd  declination  are  both  north  or1>otb  south  ;  but  if  one  be  norlb  and  the 
otberaoolk,  the  diBerence  betHcen  the  Talnilar  number  and  1'2  hours  will  be  tbe  setui- 
dtomal  arch.  VmA  the  tunc  of  the  Mar's  coming  to  the  meridian  according  lo  tbe  pre- 
cept* of  Table  VIU.  and  subtract  thcrerrom  the  «emi-diumal  arch,  the  dilTerence  will  be 
''c  time  of  ririnf  i  or  by  adding  together  the  lemi-dlumal  arch,  and  the  lime  of  paiaiog 
-     '"A,  tbe  time  of  setting  will  be  obtained. 

EXAHrLK  IV.  EXIXPLC  V. 

Wlnt  line  «ill  ihc  KuG-Su' Sirix  i^  i"^  ■*' 
I  PUkdelBbU,  Fill  if  _    '''  "^ 

lider  ibelMwitiiii.  i>^hicb  Is  Marl/  16*  & 
■sd  anlDfl  Itit  klilDctr.  »    o 

wklf  it  aearlT  OP  K.  «»<]  BJ«- 


In  like  manner  tnaj  the  rising  and  selling  of  any  planet  be  found  when  the  decTi' 
tittioB  does  not  eiceed  83^  8B',  and  the  lime  of  tbe  passage  met  Ihe  meridian  is  *"^*J- 
.  Suppoae  it  waa  required  to  find  Ihe  time  of  JnpiTer'a  riring  ted  iCtOng,  M^tb  9.  IW- 
Ciiil  account,  in  Ihe  latitude  of  S3°  N  T 


.    (  ^^^  ) 

In  the  Nautical  Almanac  for  1820, 1  find  that  Jupiter  pttssea  the  mcriilian  ICardi  7d. 
83h.  10m.  or  March  8d.  llh.  10m.  A.  M.  citil  account,  his  deelioatioii  being  10^  SS'S. 
or  nearly  11^.  Under  the  declination  11^,  and  opposite  to  tiie  latitude  68^  etand  6h. 
68tt.  which  is  half  the  time  Jupiter  u  below  the  herizon ;  this  subtraetad  from  ISh. 
leafes  hsdf  the  time  that  he  is  above  the  horizon,  5h.  2m. ;  this  subtracted  Crwa  1  Ih. 
10m.  A.  M.  leares  6h.  8m.  A-  M.  March  8,  for  the  time  of  Jupiter's  rising ;  and  added 
to  llh.  lOm.  gives  4h.  12m.  P.  M.  March  S,  for  the  time  of  Jupiter's  settuir. 

Suppose  it  was  required  to  find  the  time  of  the  moon's  rising  and  setttngi  muj  B,  1620, 
civil  accotint,  in  the  latitude  of  52^  N  ? 

la  the  NauticarAlmanac,  page  VI.  I  find  that  the  moon  passes  the  meridiaa  Mayid. 
18h.  7m.  or  May  5d.  6h.  7m.  A.  M.  civil  account ;  her  declination  beiiig  about  8l<>  S. 
Under  the  declination  2l<^,  and  opposite  to  tbe  latitude  52^,  stand  7h.  58^  half  tiie  tnse 
the  moon  is  below  the  horizon,  which  subtracted  firom  12h.  leaves  balf  the  time 
she  is  above  the  horizon,  4h.  2m. ;  this  subtracted  from  (A,  7m.  leaves  8h.  Sm.  A.  M. 
the  time  of  the  moon^s  rising,  and  added  to  6h.  7m.  gives  lOh.  9m.  A.  M.  the  tiBtt  of 
her  setting,  nearly. 

If  greater  accuracy  is  required,  you  must  find  the  time  at  Greenwich  conemadiBg 
to  this  approximate  time  of  her  rising  and  setting ;  then  find  the  moon*a  deeHttttion, 
and  the  right  ascensions  of  the  sun  and  moon  for  that  moment  of  time.  The  foiBer 
subtracted  from  the  latter  leaves  the  corrected  time  of  the  moon's  passing  the  meri- 
dian. Widi  these  data  repeat  the  operation.  In  this  way  we  may  obtain  the  Ume  of 
rising  and  setting  to  any  degree  of  accuracy.  Instead  of  taking  the  diflTereaee  of  the 
right  ascension  of  the  sun  and  moon,  you  may  take  the  daily  difference  in  tbe  tfawof 
her  coming  to  the  meridian  of  Greenwich,  and  take  a  proportional  part  for  the  loogi- 
tude  of  the  place  of  observation  (by  means  of  table  XXVIII.)  and  another  propertioBal 
part,  for  the  interval  between  the  hour  of  passing  the  meridian,  and  the  time  of  rinBg  or 
setting.'^ 

It  may  be  noted,  that  the  nambers  of  Table  IX.  were  calculated  for  the  moment  the 
sun's  centre  appears  in  the  tmc  horizon ;  allowance  ought  to  be  made  for  tiie  db»  pa- 

iringe- 


rallax,  and  refraction,  by  which  the  sun  and  stars,  when  near  the  horizon, 

neral  to  be  elevated  above  half  a  degree  above  their  true  place,  and  the  moon  as  'much 

below  her  true  place.  i 

TABLE  X.     For  finding  the  distance  of  any  terrestrvd  object  at  sea, — ^The  eiplanation 
and  use  of  this  table  is  given  in  Problems  VII.  and  VIII.  pages  190, 191. 

TABLE  XI.  Table  of  Proportumal  ParU^—The  method  of  using  this  table  b  given 
in  page  166. 

TABLE  XII.     TabU  of  12<r/raclton.— Explained  in  page  108. 

TABLE  XIII.     Dip  of  the  iforizoti.— -Explained  in  page  109.  • 

TABLE  XIV.     Sun's  Parallax  in  c^/t/iMie.— Explained  in  page  107. 

TABLE  XV.    AiigmtniaHon  of  the  moon's  send-dimneter. — The  moon'a  semi-diame- 
ter g^iven  in  the  Nautical  Almanac  is  the  same  as  would  be  seen  by  a  spectator  supposed 
to  be  placed 'at  the  centre  of  the  earth,  or  nearly  the  same  as  would  be  aeen  by  a  spec* 
tator  on  the  surface  of  the  earth,  when  the  moon  is  in  the  horizon.     Now  vhta  tbe 
moon  is  in  the  zenith  of  the  spectator  placed  at  the  surface,  her  distance  from  bin  is 
less  than  when  at  the  horizon  by  a  semi-diameter  of  the  earth ;  consequent^  her  appa- 
rent semi-diameter  must  be  auemented  in  proportion  as  the  distance  is  decreaaed.  that 
if  about  one  sixtieth  part,  or  lo'.    At  intermediate  altitudes,  between  the  horison  ind 
zenith,  the  augmentation  is  proportional  to  the  sine  of  the  altitude,  and  the  Taloe  fiir 
every  5^  or  10^  of  altitude  is  given  in  Table  XV.    The  augmentation  corresponding  ts 
the  altitude  being  found  in  the  table,  must  be  added  to  the  semi*diameter  taken  Som 
the  Nautical  Almanac  for  the  time  of  observatiou  reduced  to  Greenwicb  time,  as  vai 
explained  in  page  166. 

TABLE  XVI.    1^  of  the  sea  at  different  distances  from  the  observer, — Explained  io 
paj|^109. 

.  TABLE  XVII.     For  finding  the  difference  between  the  refraction  of  a  star  and  W/ 
also  a  Ug,  correspond  ng, 

TABLE  XVIII.  For  finding  the  difference  between  the  correction  of  the  $im*s  dSbsk 
Jkr  paraUax  and  refraction  and  60',  tUso  a  logarithm  corresponding  thereto, — The  manotf 
of  taking  the  nund)ers  from  the  two  preceding  tables  is  explained  in  page  167,  and  the 
mm  to  which  these  tables  may  be  applied  are  explained  in  pages  167  and  1 74. 

TABLE  XIX.  Far  finding  a  correction  and  logarithm  used  in  the  first  mctAod  qf  w^ 
^m  ipmr  oftsereation.— The  correction  found  in  this  table  being  subtracted  froB  Sf 
4Sr  wffl  laaTO  a  remainder,  equal  to  the  correction  of  the  moon's  altitude  for  piffD*' 

*  In  strietiMis,  this  last  correction,  found  br  the  table,  ou^ht  to  be  decreased  in  tbe  ratio  of  Zik*  <^ 
24h.  iucreaieii.by  tbt  daily^dlffereftce  of  the  time  of  the  moon's  pafsing  tbe  mcridiaB. 


>  poial  am  the  Dielhi»l  of  tuViiis  on 
a  ftiUir  explained  in  tbo  firit  pagct  of  Ilii  ULIe.     It  taa]  nat.lia« 
M  U  otMVf  e,  thai  tUer  canstnictiiig  the  lof^thma  at  this  ubie,  it  wai  conclu- 
ded lo  mblncl  tbenfrom  tbe  gnalesi  conwlian  of  the  Table  C  correapondiii);.  in  order 
to  Radct  Uuwc  eOTTTsctioDt  additire.     Tbua  the  logarilhm  correspondioE  to  the  alt.  30° 
•nd  tor.  par.  M'.  was  found  at  Orst  Id  be  13TSj  and  for  the  hor.  par.  54^  10"  Ibeconvc- 
t>anniS358  fo  that  if  these  ounibera  had  been  published,  the  cocrecCioa  for  secoodg  of 
pataiu  wosid  bani  been  subtrsctite  ;  bul  at  this  would  haxe  been  incanTenient,  it  WU 
UaoOKhl  expedient  to  aublract  from  each  of  the  aumbcntbui  calculated,  the  gretlert  col- 
Kmimding  eorTMtion  of  Tabic  C.  which  in  the  preceding  eitmpte  is  IS  ;  bj  tfaii  mmns 
Ibe  abofe  tuanben  were  rEduced  to  i3ii0  and  3346  respectiiElj,  and  the  Kirrectioiu  of 
Title  C  nre  rendered  additite.     In  a  stoiilar  manner  the  red  of  the  logaiithms  of  the 
^■Mb  were  calculated.    It  it  owing  to  this  circumstance  that  the  corrertiont  in  Table  C 
^SiV'  of  parallai  aregreater  than  tut  anj  other  number.     Similar  methods  were  used 
B|K(ilrulatii]g  the  other  oumben  of  Ibis  t^le.and  in  amnging  the  Tables  A  and  B. 
.     TABLE  XX.     Third  ccrriclim  of  Iht  appareni  dijlonrr — The  uethud  of  finding  the 
nHCMclioa  Tfom  this  laUe  is  explained  in  pagei  IbB,  174.  176. 

TABLE  XXI.  To  rtibue  longiludt  inlc  lin».  and  tht  eonlntni.— In  the  first  column 
of  this  Uhle  are  contained  degrees  and  minutes  of  lon^tude,  in  the  leeond  the  eorrcs- 
pondiog  boon  and  minutes,  or  minutes  and  seconds  of  time  ;  the  alher  eolumni  are 

-  ~-- '~i  of  the  firm  and  aeeoDd respecliielT.    The  ute  of  this  table  will  eiidently 

r  examples. 

KXAMPLE  I.  1  rXAXriF.  11. 

llMd  the  ItBe  eomfpandiDf  ut  Hfi  31'  ?  1    Required  Ibe  depra*  aod  mii^iitFi  CHiupuedhi^ 

lOteaHmtAtli  SSOD  Uptniueeii  32^  0>.  Inn>1.4ii  n'O* 

...    .  ^     r—_^      ^^...„    _j. 

fi«cM«M  an*  I  e   S3    so  wm 

TABLE  XXII.  Proportional  Logmilhmi, — These  logarithms  art  very  uscfiil  in  (hid- 
ing Uie  apparent  time  at  Orcenivich  rorresponiling  to  the  true  distance  of  (he  moon  from 
the  sun  or  *tir.  aiis  eiplaincd  in  page  168,  The;  najbe  abo  used  like  common  logs- 
rilhma,  in  wtiridng  anj  proportion  nhere  the  terms  ore  gi>en  in  degrees,  minute),  and 
Mconds;  or  in  hours,  minutes,  and  seconds,  as  in  the  ciampleB  page  HT.  The  table 
■1  extended  onlj  lo  3-  or  3h.  and  if  an;  of  the  terms  of  a  giren  proportion  exceed  3° 
or  3b.  jou  mxjtate  all  the  terms  one  grade  lower  ;  llrat  is,  reckon  degrees  as  minolM, 
nuDUtes  as  aeconds,  &c^  and  itorii  the  proportion  as  before  ;  ohseriiRg  lo  writs  down 
the  tnnter  ace  grade  higher  ;  that  is,  ;au  must  estimate  minoles  as  degreei,  teeonds  as 
minnUa,  tte.  wtead  of  Inking  all  the  terms  one  grade  loH-er.  jou  maj  change  two  of 
the  term*  onlj,  ti).  one  of  the  middle  terms  and  one  of  the  extreme  terms  ;  (bus  Ibe 
lit.  and  3d-  orllielat.  and  id,  mnj  be  taken  one  grade  lejs.and  the  fourth  term  will  b« 
giTEB  eoncctlj ;  but  if  the  foiuth  term  be  taken  one  gmdc  less,  jou  must,  alter  wortirg 
the  woportion,  write  It  one  grade  bishcr,  as  is  cTidenl.  To  illustrate  this  nc  shall  jiie 
the  raHowins  examples. 


If  te  I*  iiy  af  lii 


ejuHrtE  I. 


KXIKPLE  U. 


¥ 


ir  In  im  Ihe  m 


H  (Tvle  blglxr  >•  *l'i  *haaa 


m.— The  manofr 


(  i:»4  ) 


1'ABLE  XX  tV.  Xatiiral  Stius.— This  table  contains  the  natural  sine  and  eo-aine  for 
every  minute  of  die  quadrant  to  the  radius  iO000O,and  is  to  be  entered  at  the  ton  or 
bottom  with  the  degrees,  and  at  the  side  marked  M.  widi  the  minates,  the  eorvespondiDg 
Bumbers  will  be  the  natural  sine  and  co-sine  respectirely,  observing  that  if  the  degrees 
are  found  at  the  top,  the  name  sine,  co-sine,  and  M.  must  als»  be  found  at  the  top,  and 
the  contrarr  if  the  degrees  are  found  at  the  bottom.  Thus  43366  is  the  natnnl  aiiie  of 
^o  42f  or  the  co-sine  of  64^  IS'. 

TABLE  XXV.  Lagarithnde  «n««,  tangmU,  and  tee«ito  fo  ttfery  paini  md  qpmrUr 
p^nt  of  tlu  compass, — ^This  table  is  to  be  used  instead  of  table  XXVII.  when  tte  eovrse 
is  giTcn  in  points.  The  course  is  to  be  found  in  the  side  column,  and  oppoaite  hereto 
will  be  the  log.  sine,  tangent,  &c.  The  names  being  found  at  the  top  when  the  eonneis 
less  than  4  points,  otherwise  at  the  bottom. 

TABLE  XXVL  Logaritkmt  of  AUmiert.— The  explanation  and  naee  of  this  tafala 
are  given  in  page  28,  et  seq. 

TABLE  XXVII.  Logaritkmk  Sines,  Tangents,  and  Seeants.^ThiM  table  ii  cifiainfd 
fn  page  33,  et  scq. 

TABLE  XXVIIL  For  reducing  the  time  of  the  Moon^s  passage  ovtr  the  miriUm  ef 
Greenwkkf  to  the  time  of  her  passage  over  any  other  meridian.^^the  manoicr  of  dafag 
this  is  explained  in  page  124. 

TABLE  XXIX.  Correction  qf  the  boon's  altitude  for  parallax  and  r^frmetkm^^Tht 
mean  correction  of  the  Moon^s  aJtitude  is  given  in  this  table  for  every  dMOce  of  oltilode 
from  10^  to  90°.    The  manner  of  using  this  table  is  explained  in  page  126. 

TABLE  XXX.  For  reducing  the  Moon*8  declination  given  m  the  JfmOicsi 
for  fuwi  and  midMght  at  Greenwich,  to  any  other  lime  ut^ter  any  other 
manner  of  using  this  table  is  explained  in  page  125.  In  addition  to  whidi  it 
aerved  that  I2h.  are  marked  both  at  the  bottom  of  the  left  hand  column  and  at  the  top  of 
the  right  hand  column ;  but  this  can  cause  no  embarrassment,  because  when  tfw  tfaae  at 
Greenwich  u  I2h.  the  declination  must  betaken  from  the  Nautical  Ahninao  ^y  midr 
Hjght,  without  any  correction. 

^  TABLE  XXXi.  For  reducing  the  Sun's  right  ascension  in  time,  as  gjiotn  In  At  JVhv- 
ficat  Almanac  for  noon  at  Greenwich,  to  any  eiher  time  under  any  other  mwirfiiM  ThJm 
table  is  useAil  in  finding  the  Sun*s  rig^t  ascension  at  any  time,  by  means  of  the  r||jht  aa- 
cension  given  in  the  second  page  of  the  Nautical  Almanac  for  noon  at  Gieenwiefc.  This 
table  must  be  entered  at  the  top  with  a  daily  variation  of  the  sun*s  right  aaeeaaioBy  and 
in  the  left  hand  column  with  the  given  time  from  noon,  or  in  the  rtgjht  hand  cohima 
with  the  longitude  of  the  placo ;  under  the  former,  and  opposite  the  latter,  w3l  stand  a 
Correction  in  minutes  and  seconds,  to  be  applied  to  the  sun's  right  ascension  at  noon  at 
Greenwich.  The  correction  found  with  the  time  from  noon,  is  to  be  added  in  tlie  aAer- 
noon,  but  subtracted  in  the  forenoon  ;  and  the  correction  found  with  the  kmgitade  af 
the  place,  is  to  be  added  in  west,  but  subtracted  in  east  longitude. 

Instead  of  finding  the  correction  separately  for  the  longitude  of  the  plaee  and  the  tins 
from  noon,  you  may  find  the  whole  correction  at  one  entry,  in  the  following  nianner : 
Turn  the  ship's  longitude  into  time  (by  Tab.  XXI.)  and  add  it  to  the  given  tioie  when 
in  west  longitude,  but  subtract  the  longitude  when  east ;  the  sum  or  difierenee  wiD  be 
the  time  at  Greenwich  ;  find  this  time  in  the  side  column'*'  and  the  daily  variatioB  at  the 
top,  corresponding  to  which  will  be  the  sought  correction ;  which  is  to  bo  added  to  the 
sun's  right  ascension  for  the  preceding  noon  at  Greenwich. 

EXAMPLE  IL 
Required  the  siui'i  right  aaeenskm  SI  aaoa,3am 

24,  leao,  lea  aecoont,  In  th*  longitude  of  tWP  £• 

from  Greenwich  f 

June  24,  sea  account  ia  June  23,  hj  N.  A.  sa  ai 
day  at  noon  the  sun^  right  asc  wm     flh.  te. 


EXAMPLE  I. 
Required  the  ran*!  risht  ascension  at  noon,  Mav 
24,  li20«sea  account,  in  the  longitude  of  4£0  W. 


Ilrom  Oreenwich  1 

May  24,  tea  arcacnt  ia  Blay  23.  hy  N.  A.    The  ran*!' 

right  ascension  by  N.  A.  at  Grcenw.    4h.  Om.  9B». 
flh»iT.TBb.XXXT.  for  45*  long,  and 

daU  J  Tar.  4ai.  2»cc    add  30 


Right  Ascension  required 


4    0     65 


Corr.  Tab.  XXXI.  for  1200  long,  and 
dally  variation,  4m.  9". 4  smb. 

Right  Ascen.  required 


6  i  « 


EXAMPLE  in. 


Raqulred  the  sun's  right  ascension.  May  24, 1820, 
at  4li.  P.  H.  sea  account,  in  lung,  of  450  w  ? 
IL  A.  at  noao  in  long.  ASP  W.  by  Ex.  I.  4h.0m.55s. 
dorr,  in  Tsh.  XXXf.  for  4h. 


r.M. 


add 


40 


R.  A  WbKf  24,  It20,  at4h.  P.  M. 


4    1     35 


EXAMPLE  IV.  ^ 

Reqnhed  the  sun's  right  ascensioa,  June  2I»  Ifl^ 
at  9h.  A.  M.  sea  account,  in  long,  of  190*  E  f 
R.  A.at  noon  In  long.  tW>  E.  Imt  Ex.  II.  6h.fSb9^ 
Corr.  in  Tab.  XXXI.  for  12  hows  2    « 

for   9ho«n  I    91 


R.  A.  June  24, 1108,  at  Sk»  A 


6  10    n 


^  If  tbetlBeat  Oreeirwich  be  more  than  I2h.  you  must  first  lake  oot  the  correctba  for  tttkuA^^ 
fot^  mi.of  Ibf  jQne;  tl^  sum  of  theft  two  \r01  bt  die  ctnvcUDn. 


(il5 ) 


TWe  tiMaad  fbartk  eiampkt  mxj  be  woiked  by  ft  ungie  entry  of  Tdile  XXXI. 
msfiillowi. 


EZAimEIIL 


4.  h.m 
234   0 


B.A.«t*.F.M. 


8S7    • 

ll.BI.1. 

byKA*  4    0  86)8ai^B.A.J«w 

1  II 


4  1  ae 


EXAlIFU;iV. 


CHm  tine  by  N.  A.  JsM 


4.    b.   M. 

SB  21    0 


ICmt.  Tttw  XZZlViA. 
ftr  tk, 

tBooTt  R.  A.  2lh.  Ob. 


IS   • 
b.m.c 
6  i  I 

S    5 

10 

8  10  tS 


If  yoB  wirii  to  find  aecimtely  the  time  that  any  ftar  comet  to  the  meridkn,  or  the 
tine  of  nsny  or  eettiiig,  yon  mast  take  the  nm's  rkht  — ffnalffn  for  noon  at  Green- 
wich,  firoB  the  Nantleal  Almanac ;  then  the  star's  rq^t  ascension  firom  Table  TIIL  and 
ivith  these,  ind  the  approKimate  time  of  risiog,  setting,  or  coming  to  the  meridian,  by 
the  method  draa^y  given  in  the  precepts  for  using  Tables  VUL  and  IX.  Then  calcolate 
the  aon^  i|pl  aseenslon  for  this  approximate  time,  and  repeat  the  operation  till  the  as* 
iiiiBMd  sad  f  eliiiili  il  times  agree,  and  yon  win  haTO  the  true  time  re^pured. 

Toesfisii  this  method,  I  shall  gbe  the  following  examples. 


Ttfind  the  Hme  whtn  e  tUar  comes  to  the  merUSwu 

EXAMPLE  L  J    •  EXAMPLE  IL 

IS  AlddMraa  oa  the  aMrldian  ol     At  wliat  time*  wu  FMlos  on  the 
ofTQO^W.JsD.  2,  laao^phce  in  tke  looffttwle  of  TO*  4r  W. 

itSO,  WR  aceoont  r 
ii  Jaa.  1,  N.  A.  on  March  Sl,•alafBeooal,isM■rch^O^]I.A> 

S.  A*st  aoosat     k.  m.  t.     oawUdidsv,atiio«m,lbe0aa*k  rifht 

18  43  4iBi  ' 

4h.SSiii.S8i. 
U 
— — -  2S  25  96|Af»pffOxiiiMte  tfne  of 


AO^  W.  from 

liMlllWft 

A.-f  2«h. 


28  25  96 


tfaMOT 


to  (he  meridian 


9h 


TUfysablraeted  from  R.  A.  of  PoOox 


Cbrrpetlon  of  tlie  san*s  R.  A. 
XXXL  for  this  tine  is 


h.m.  s 

•  S5  4i 
7  8«  17 

658  80 

.1    4 
48 

lUila 
male  time  9  41  48 

•aa't.  E.  A.  fiMT  this  :time  ln| And  for  the lon^.  70° 46'  W.of  Greanw. 

h.  m.  s^ 
18  46  27{Tbe  sum  of  these  two  corrections  is 

which  soblrafeted  from  tl>e  approximate  time  of 
southing  6h.  5em.  96s.  leaves  the  irne  that  6h. 
56m.  4as. 


I  47 


999    9| 


1  (nsed  in  the  last  example)  of  applying  the  corrections  to  the  approximate 

88  nplying  them  to  the  right  ascension  of  the  sun,  will  be  found  the  most 

s;  bnt  it  must  be  note^,  that  the  corrections  to  be  applied  to  the  approximate 

tete  a  contrary  sign  to  what  they  would  haTO  when  applied  to  the  dght  as- 

To  find  the  time  of  rising  or  setting  of  a  stor. 

Bulb.  Enter  Table  IX.  with  the  declination  of  the  star  at  the  top,  and  the  latitude 
of  the  pinee  at  the  side  ;  the  corresponding  number  will  be  the  time  of  the  star's  con- 
ttnnanee  aheve  the  horizon,  when  the  latitude  and  declination  are  of  the  same  name ; 
bat  if  dMty  are  of  di£ferent  names,  the  tabular  number  subtracted  from  12h.  will  be  the 
tine  of  fimtiwiaiiff  abore  the  horizon.  Add  this  time  to  the  star's  right  ascension,  if 
JOB  wish  to  find  the  time  of  setting ;  but  subtract  theformerfrom  the  latter  if  you  wish 
the  tiase  of  tiling.  From  this  sum  or  dilTerence  subtract  the  sun's  right  ascension*  cor- 
mcted  lor  the  longitude  of  the  place ;  the  remainder  will  be  the  approximate  time 
aOM^t  Enter  Table  XXXI.  #ith  the  distance  of  this  approximate  time  from  noon, 
naine  daily  variation  of  the  stm's  ridit  ascension :  the  correction  eorremonding  is  to 
bo  added  to  the  approximate  time  in  the  forenoon,  but  subtracted  in  the  afternoon,  and 
jrott  will  have  the  corrected  time  of  rising  and  setting. 


i8will 


frtoro  wfaidi  the  tobtniction  is  to  be  omde,  by  24  hours,  when . 
S4  hoars  when  It  exoecds  24  hoiir&    If  the  thne  of  rising  or  sstthif  bemore  than  t2b. 
afinrmidaichtf  bat Ifiessthani2b.it  will b^bcforcmidnight.     . 


[   Zl^  ) 


EXAMPLE  I. 
At  what  time  did  the  ftar  Aldebanin  set  May  24. 

1920,  sea  acaount,  >°  the  latitude  of  S80  53'  H.  aad 

the  longitude  of  770  W  7 

The  ttar'i  deellnatUin  wu  10^  8'  K.  and  the  lati* 
tode  SaP  63*  M.  corresponding  to  wbieb  in  Table 
IX.  if  6h.  Mm. 

Star**  rigbt  aiccasUm  4    26 

Sam  11    20 

Blay  24,  sea  ace  nr  May  SS  ty  N.  A. 

•I  noon  sun's  R.  A       4h.  Onu 
Corr.  for  long.  77©  W.  t 

Sam  sttbMict  4     1 

Utmaiitf  approximate  time  of  fettine: 
Oorr.  to  Tab.  XXXI.  for  7b.  19m.  sub. 

Corrected  time  of  setting,  P.  U.  7    18 


19 
1 


EXAMPLE  n. 

At  wliat  time  did  the  Dog-Siar  Birfaii  rise  in  the 
latitude  890  20'  M.  and  the  longHnde  of  760  WW. 
Jan.  2. 1820,  sea  acooontf 
The  star's 'decUoatkm  1i  160  Sf  8.  and  the  latitude 

is  #90  20^  K.  corre^oaUiaff  to  whkrMa  TiMe  IX. 

is  nearly  6b.  i6n. 

Which  subtracted  from  19     0 

Leaves  the  time  of  the  star's  bdi^  abof* 

the  horizon  5      4 

Subtract  from  star*s  R.  A»  %    9t 


Remainder 
Add 


Sum  25    33 

Jan.  2f  sea  ace.  or  Jan.  1,by  N.  A»  tt 

noon  sua's  H.  A.  ISh.  44fla. 

Corr.  for  lang.  76"  «X  W.  1     . 

Snbtraet  the  nm  It .  45 


Remains  appraxiro.  lime  of  rislof 
Corr.  in  Tab.  XXXL  for  Sh.  48ra.  mbi. 


41 

1 


Can.  time  of  rising  ia  the  aftemooa '  •    4T 


.•/ 


TABLE  XXXII.     Variaticn  of  tkt  nai'i  edlihtde  in  one  minute  from  lUwiL 
TABLE  XXXIII.     To  reduce  the  twmbera  of  Table  XXKJI.  to  other  gioen 

time  from  noon. 

The  method  of  usiagthe  two  preceding  tables  ia  explained  in  page  150  ud  1S1. 

TABLE  XXXIV.  Errors  arising  from  a  deviation  of  V  in  the  surfaces  of  tks 
mirror, — ^This  table  shows  the  error  arising  in  neasuring  an  angle  by  an  iaptrmMnt 
of  reflection  from  a  deviation  of  I'  in  the  ps^lelism  of  the  surfaces  of  the  eeMlnl  nir- 
ror,  the  line  of  intersection  of  those  surfaces  (produced  if  necessary)  being  pcipeattea' 
lar  to  the  plane  of  the  instrument.  If  the  line  of  intersection  be  inclined  to  thai  alaney 
the  numbers  in  the  tabic  must,  in  genera),  be  decreased  in  proportion  to  the  one  of 
the  angle  of  inclination. 

The  second,  third,  and  fourth  columns  of  the  table  are  calculated  upon  the  snppoaition 
that  the  surface  of  the  horizon  mirror  is  inclined  80"^  to  the  axis  of  tho  teleieopc,  or 
that  the  angle  intercepted  between  the  ray  incident  on  the  horizon  glass  and  the  eorrea- 
ponding  reflected  ray  passing  through  the  telescope  is  20°,  which  is  the  casa  u  diciilar 
instruments  of  Dk  Borda^s  construction,  and  on  this  supposition  the  errors  of  an  in- 
strument in  measuring  different  angles  may  be  ascertained  by  the  rules  in  pagBB  9B  and 
106 ;  when  the  Intercepted  angle  is  greater  or  less  than  20°,  which  is  the  case  m  »ost 
sextants  and  tpiadrants,  the  error  in  any  measured  angle  corresponding  to  an  incSBathm 
of  the  surfaces  of  1',  may  be  obtained  as  follows. 

Find  in  the  first  column  the  intercepted  angle,  and  the  simi  of  that  angle  and  the  ob> 
scrred  distance  ;  take  the  corresponding  corrections  from  column  5th,  and  thdlr  diftc- 
ence  will  be  the  sought  correction. 

In  a  circular  instrument  you  must  find  in  the  side  colimin  the  sum  and  the  difoaaee 
of  the  inte^cpted  angle  and  obserred  angle,  and  take  out  tht  corresponding  cofiectkws 
from  column  5th,  half  their  diflerence  will  be  the  sought  correction.  Having  tiras  fomd 
the  correction  corresponding  to  l',  you  may  find  the  correction  for  other  anf^  as  in 
pages  98  and  106.  * 

TABLE  XXXV.  Correction  for  a  deviation  of  the  telescope  of  an  tnsfiiomjil^f  re- 
flection  from  the  parallelism  to  the  plane  of  the  instrument, — ^The  uses  of  this  taUa  tit 
explained  in  pages  97  and  105. 

TABLE  X^VI.  Correction  of  the  mean  refraction  for  wuious  heights  of  ttr  tereaie- 
ter  and  thermometer. — The  use  of  this  table  is  explbined  in  page  108. 

TABLE  XXXYII.  Latitudes  and  Longitudes  of  the  fixed  Stars.-^Thla  table  contahs 
the  Latitudes  and  Longitudes  of  the  principal  fixed  stars,  adapted  to  the  beginning  of 
the  year  1820,  with  the  annual  variations  for  precession  and  the  secular  eqmtioni  faf 
which  the  mean  values  at  any  time  may  be  obtained,  in  like  manner  as  the  R^t  Aseea- 
sions  and  declinations  are  firom  Table  VIII. ;  by  adding  the  correction  of  longitude  mfttr 
1820,  subtracting  before  1820,  and  applying  the  correction  of  latitude  witii  the  same  sign 
as  in  the  table  after  1820,  but  with  a  contrary  sign  before  1820. 
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EXAMPLE  II.    Eequind  th«  Loi^iude  and  Luitude  of  ■  Pegud,  Julj  I,  1993 1 
Uag.ifTMtXXX<nj.  lit  MOM  *4',Uili«le(rjT.lil«XXXVn.  I»1M  u'  H 

iMuiw  tt  r»*i  ■d'l  1     s    Vu-lMkM  n  rnn,  hM  O 

LtM«.  Jul;  I,  lis  II    SI     0  W  lutlnicJul;),  ii« 

r  The  Ulitmlei  and  loopludes,  Uiui  obluDC^  uc  the  mclui  (bIun.  When  great  teco- 
laci  a  teqnind,  tho  correcliooa  Tar  tlie  equitran  ef  the  rquinoies.  Table  XL,  and  dar- 
ntion.  Tabic  xLl.  miul  be  ^ijilied. 

TABLE  XXXllll.     Reduclian  nf  latitiuii  mi  henxmul  pmOu.— Tbii  table  con- 
taini  the  cvrrecLiooi  to  tie  5Ublraetcd  frmn  (be  Utitudc  of  Ihc  place  or  ahtemliOD,  and 
Dvmlhe  harizaalal  psralluE  of  Ibe  Moan,  gi'cD  in  the  NBuUctI  Alinanac,  in  talcnliting 
eclipK*  of  Ibe  Son  or  DCcullaticiii.     Thiu,  if  the  latitude  of  the  place  itw  40~.  and  the 
>Iood'*  horiioMil  parallai  57 ,  the  correctign  of  Utiladc  would  be  ncarlj— ll'  13", 
and  ibat  of  panlUi — 1".T,  to  thai  the  n:4a«ed  luiiude  would  be  3)    ig  43",  aod  Ibe 
reduced  parellu  56'  &S'.3.    These  tuluei  are  to  b«  uied  in  occultatjoni,  hut  ui  eelipm 
of  Ibe  Sun,  (hi)  paralhu  is  to  be  furtber  decreased  b;  T.6  for  the  Hun'a  parallax-  Wben 
(he  latitude  M  not  ;i>en  eracllj  in  Ibe  Iiible,  Ihr  liro  neinit  numben  inuil  be  found,  and 
a  proporlioiMl  put  of  Iheii  diSeieaee  is  to  be  applied  to  one  of  the  auwbeci,  as  tuoal. 
lo  calcuIUing  this  table,  tbc  ellipticitf  it  the  earth  via  suppOKd  equal  [o  ^J,,  a*  ia 
(he  third  edition  of  La  Laade'i  Astronomj ,  and  in  Vtnn's  AilronoBjr.     Tbia  ntus 
difof  bat  little  from  ■s\^-,  and  ^J,.     ,  dedaced  bj  La  Place  from  two  lunar  cqui- 
lioiu  in  Ibe  Uurd  Tolume  of  hit  immorUl  narit.  /^  Jfrconiqiif  CJalt,    1»  the  Hcond 
vohUDC  of  Ibe  lame  » ork  be  calcubled  Ibe  ellipticit;  to  be  - 1 ,  Itoib  Ihe  lengths  of  pen. 
dahiHi  ohMTTcd  U)  diflrrent  latitudes,  this  calculation  corrected  for  a  small  aiiilDlie  in 
the  inimerlral  coefficient  of  jf  in  Ihe  lenlb  of  bis  equatioiu  A"  become*  -L.  whidi  does 
r  BOt  differ  teij  mach  [rom  the  value  usumed  in  this  table, 
I        TABLE  XXXIX.     JUartlimi  »/  Iht  PUnut>.—TbU  Uhle  conUins 
K,  Ab  (danefa,  lo  be  applied  to  ibe  Inx  longitude  or  latitude,  with  the  n         „      ....__ 
FbHe.    The  arfuincnl  at  Ibe  siite  it  the  clonjztion  of  Ibe  planel  from  Ihe  Sun )  ibal  is, 
BAe  diSereoec  of  Ibeir  geocentric  longitudes,  or  its  aupplemenl  lo  360°.    Thus,  on  Jul* 
■'19,1890,  the  londtude  of  the  Sun  was  Zt.  2b^  3g',  Ihe  tieo.  long,  of  Venus  4s,  13°  JT, 
"  ir  difllercaca  VS^  At  it  the  elongBlion  or  diilaace  from  the  inferior  coiuunction,  oor- 
ponding  to  which  ie  Ihc  Bbemlian  -{-  3"  to  be  applied  lo  Ihe  true  Imgiliide  giren  ij 
flte  tables  to  obtain  Ihe  apparrnl  longitude.     The  aberration  of  Mercurj  it  giien  al  its 
gnateit,  leaal.  and  mean  dulan(es  from  the  Sun.     Al  Ihe  inlermcdiale  placea,  a  propor- 
tional part  of  the  difleiences  of  the  nearest  tabular  numbers  must  be  applied. 

TABLKS  XL.  &  XLl.  E^ualum  ef  Ut  E^dnatti  and  ^berrnlioa  in  Limgibide.— 
TaUe  XL.  contains  the  equation  of  the  equinoiei  in  longilude  cammon  to  all  (be 
btasealT  bodte*.  The  srguinenl  it  the  longitude  ofthe  Moon't  ascending  node,  giien 
in  pace  ID.  of  the  Nautical  .Mntanac.  ihc  lignsof  longilude  being  found  al  (be  top  or  bol- 
lons.  and  &•  fapeos  ol  the  side,  the  corrupoadiDg  number  with  its  i^n  is  tlie  eqiotion 
of  (he  tqfuamai  in  longitude. 

TUkle  XLL  contains  the  ihemtion  of  the  slarr  ia  longilude  and  latitude,  to  be  calcu- 
lated b;  the  niln  at  Ihe  bottom  of  tbc  lablcs.  The  ligni  of  tho  ocsumenl  being  found 
■t  Ihc  (Dp.  and  Ihed^rees  it  the  side,*  tahing  propcrtianaj  parts  for  minutes.  Theror- 
fccUotisof  longitude  found  in  (hc»  tables,  are  lo  be  applied,  rritb  Ibeir  signs.  In  the 
moan  longilude  found  in  Table  XXWIl.  and  the  correclion  of  latitude.  Table  XLt.  is  to 
be  wplitd  lo  the  OMan  laliludo  deduced  from  Table  XXXVIL  Thus  as  Julj  16.  18S0. 
lij  the  eiaaplea  at  (be  bonom  of  Trtiles  XL.  XLl.  (be  equation  of  Ihe  equinoxes  was 
■+■  l*.S  and  the  abemlioB  in  longilude  4-  Il"<5,  Ihew  correcUoni  bting  apptted  to  the 
monloiqptnde  of  the  slar deduced  from  table  XXX VIL  lis.  'iO^  iV  ll''giKi  ioap- 
pannt  langitiide  lis.  20°  59' 34".  tn  a  aioiilar  manner  the  aberration  in  IitiluJe 
—  S'.6,  found  at  the  bottom  of  Table  XLl.  applied  lo  Ihe  mean  latitude  1 9°  M'  «"  N. 
deduced  fran  Table  XXXVII.  pies  the  apparent  latitude  of  (ho  stu  19^  if  IS*  N. 


-  Tlw  dtfnct  !■  Ikls  ud  Ike  Mlowlirz  ubin 
MraoHM  iIh  wU  <b*  (iEH.  Tke.  ii  Oti  aga 
«  Ik*  led  Mima,  MbcfwW  i>  (be  riibi. 


TABLES  XLII.  XLIII.  Merration  (md^TutaHon  in  Right  JhetMioii  9nd  Ikc&MfiM. 
Table  XLII.  contains  the  aberration,  And  Table  XLIII.  the  Nutation  in  Righl  Aaomion 
and  Declination,  to  be  found  by  the  rules  at  the  bottom  of  the  tables,  and  wKed  wtti 
their  signs  to  the  mean  values  deduced  from  Table  VIII.  Thus  bj  Table  YUL  tiw 
Bizht  Ascension  of  a  Pegasi,  July  16,  1820,  was  22h.  55'  4T.6,  and  iU  dfediMtiai 
140  14'  i(y/  tf.  The  abenration  of  Right  Ascension  in  time  was  nearly  -f-  Q^S,  in  decli- 
nation —  O''.  7.  Hie  Nutation  in  Right  Ascension  in  time — 0".  1 ,  in  decUnatioa  -—  S^.fi, 
as  appears  by  the  examples  at  the  bottom  of  the  tables.  These  corrections  being  lypKcil 
to  the  mean  yalaes,  giTe  the  apparent  Right  Ascension  SSh.  55'  50".3,  and  the  apyawnt 
declination  14^  W  T  N.  The  equation  of  the  obliquity  of  the  ecliptic  may  becakolar 
ted  by  the  rule  at  the  bottom  of  the  table.  Thus,  on  July  16»  1820,  the  equation  was 
+  9^  .5,  which  applied  to  the  mean  obliquity  23^  27'  48'\2,  gives  the  apponnt  obHqui- 
ty  850  87/  57".7. 

TABLE  XLIV.  Mg:mtn»aivm  qf  the  Moon's  SemUdUimeter.^Thu  taUe  la  diviM 
into  four  parts,  and  is  useful  in  finding  the  augmentation  of  the  moon's  arnii  diaiiffir 
by  means  of  the  altitude  and  longitude  of  the  nonagesimal  when  the  mooB*s  altitade  b 
unknown.  The  precepts  for  this  calculation  are  given  at  the  bottom  of  Uie  tnbfey  and 
for  further  Illustration  another  example  is  added,  in  which  it  u  required  to  find  flien^ 
mentation  at  the  commencement  of  the  occultation  calculated  in  Problem  YII.  of  the 
Appendix,  when  the  D's  S.  D.  by  the  Nautical  Almanac  was  16'  18''.9,  her  trae  latftade 
lo  55'  11''  S.  paraUax  in  lat  10'  23".6,  altitude  of  the  nonagesimal  81°  IT'  dSt,  and  tte 
moon's  apparent  distance  from  the  nonagesimal  51^  38'  26^',  as  in  Example  IIL  Pkohp  T. 
Appendix.  In  this  case  the  arguments  of  Part  I.  are  81°  17'  38"  +  5 1^  SB'  96!*  or 
nearly  4s.  12P  56^  and  Os.  29°  39^,  and  tiie  corresponding  corrections  -f  6".00^  -H**^^ 
whose  aum  is  1  O^'.OS.  This  in  Part  II.  gives  -f-0".  10.  In  Part  III.  widi  the  mooift  tme 
latitude  1°  55'  11"  S.  and  her  par.  in  lat  10'23''.6,  the  correcUon  is  —Cr.ia  The 
sum  of  these  three  parts  is  -|-  lO^'.OS,  which  being  found  at  the  side  of  Part  I¥.  and  the 
moon's  horizontal  S.  D.  l^  18".9  at  the  top,  gives  the  corresponding  correction  -f*  O^i^ 
This  connected  with  the  three  former-parts  -f-  10".05,  gives  the  sou^  ■iigmrntifr'Y 
10''.45,  or  10".4,  as  in  the  example  Prob.  VII.  Appendix.  It  may  he  oboerved  that  tho' 
calculation  by  Problem  IV.  will  sometimes  produce  the  supplement  of  the  altitnde  of  the 
nonagesimal,  but  this  requires  no  alteration  in  the  rule,  since  the  reaolt  la  the  aUK 
whether  die  altitude  or  its  supplement  is  used. 

TABLE  XLV.  Equation  of  Second  Dfferencet.^ThiM  table  contama  Cho  equation 
of  the  second  differences  of  the  moon's  motion,  or  the  correction  to  benideon  oecoant 
•f  her  unequal  velocity  between  the  times  marked  in  the  Nautical  Alattmc  Tlie  man- 
ner of  applying  this  correction  is  taught  in  Problems  I.  II.  III.  of  the  Appendiz. 

TABLE  XLVI.  Tables  of  Latitudes  and  Longitudes.—Tbia  table  (as  oboerred  in  the 
preOnce)  has  been  completely  revised  for  this  edition,  and  the  latitudes  and  lofi|^tiidetof 
a  great  number  of  places  are  added  to  those  given  in  the  former  editions  of  tfaia  woik. 

TABLE  XLVII.  Tide  Table,— The  explanation  and  uses  of  this  table  are  gifen  in 
page  213|  et  scq. 
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224.0 

61.2 

9:i|S81.6 

80 

64 

51.9 

14.9 
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Difference  of  Latitude  and  Departure  for  18  Degrees. 
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[For  72  Decreet. 
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TABLE  II. 
Difference  of  Latitude  and  Departure  for  20  Degrees. 
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4;j .  5i 

4;).  8 

4<i.2; 

•16 .  iti 

46.9 

47.2 

4;.i. 

47.9 


Di.^t..  Lat.  I  Dep. 


131 
82 
83 
81 
85! 
86! 
87 
88 
89 
90 


lyi 

92 
93 
94 
95 
9t; 
97 
98 
99 
20(i 


170.1, 

171.0 

172.0 

172.9! 

173.8 

174.8 

175.7 

17^.7 

177. C 

178.5 


61.9. 
63.2: 
6S.6! 
62. 9^ 
63.3 
63.6 
64.0 
»;4.3' 
64.6' 
65.0' 


DIAL 


£41 


4.;.  2 

4:{.G 
48. 9- 
49.3, 
49.  G" 
49.9 
50.3 
50.6 
51.0: 
51.3' 


201 
02 
03 
04 
0.') 

or, 

07 
08 
09 
10 


51. G 
.V2.0', 

.02.7' 

53.0: 

53. 4i 

5.^.7 

51.0 

54.4 

.'34.7 


ill 
12 
13 
14 
IT) 
16 
17 
18 
19 
20 


55.1  i  2J1 


.0.0. 4- 
66.1 

5G.4: 

56.8 
57.1 
57 . 5 
57.8 
58.1 


58.5! 

53.8' 

59.2 

59.5 

59.9 

60.2 

60., 'j 

60.9 

61.2 

61.6 


DiM.'  IVp. 


Lat. 


O.) 

23 
24 
25 
2G 
27 

•»!• 

29 
30 


179.5 

180.4 

181.4 

182.3 

183.2 

1«4.2 

185.1 

186.11 

J  87.0 

187.9 


65.3 

65.7 

66.0' 

66. 4! 

66.7' 

67.0 

67.4, 

67.7: 

68.1! 

68. 4I 


1 

189.8 

190.8 

191.7 

192.6 

193. 6i 

194.5' 

195.5 

196.4 

197.3 


Go. 7 

69.1 

69.4 

69.8 

70.1 

70.5 

70.8 

71.1, 

71.5 

71.8 


198.3: 

199.2 

200.2 

201.1 

202.0 

203.0 

203.9 

•204.9 

205.8 

206.7 


72.2' 

72.5 

72.9 

73.2 

73.5: 

73.9: 

74. 2" 

74.6 

74.91 

76.2 


207.7 
208.6 
209.6 
210.5 
211.4 
212.4 
213.3 
214.2 
215.2 
216.1 


231 
32 
3;} 
'SI 
35 
S(i 
37 
38 
39 
40 


iDist. 


217.1 
218.0 
218.9 
219. y 
220.8 
221.8 

onu   •7 

223.6 
224.6 
225.5 


l>tp. 


75.6 
75. y 
76.3 
76.  G 
77.0 
77.3 
77.6 
78.0 
78.3 
78.7 


79.0 
79.3! 
79.7 
80.0 
80.4 
80.7 

81. r 

81.4 
81.7 

82.1 


l.at. 


44 
45 
46 
47 
48 
49 
50 


Lat. 


226.5 

42  227.4 

43  228.3 
229.3 
230.i 
231.2 
232.1 
233.0 
234.0 
234.9 


251 
52 
6.t 
54 
55 
56 
57 
bii 
59 
60 


2:>5.9 

«<IO  .  o 

237.7 
[238.7 
239.6 
240.6 
241.5 


261 
62 
CS 
64 
65 
6G 
67 
68 
69 
70 


72 
73 


76 
76 
77 
78 
79 


Dep. 


S2.4 
83. B 
83.1 
83.5 
83.8 
84.1 
84.6 
84.8 
86.3 
86.5 


2^5.3 
2-16.2 
247.1 
248.1 
249.0 
250.0 
250.9 
251.8 
262.8 
253.7 


264.7 
266.6 
266.6 


74267.6 


86. a 
86.2 
86.5 
86.9 
87.2 
876 
87.9 
88.S 
88.6 

89.3 
89.6 
90.0 
90.3 
9(^6 
91.0 
91.3 
91.7 
92.0 
92.3 


268.4 
259.4 
260.3 
261  .S 
262.2 


80  263.1 


281 
82 

t;3 

84 
85 
86 
87 
88 
89 
90 


291 
92 
93 
94 
95 
96 
97 
98 


264.1 
266.0 
266.9 
266.9 
267.8 
268.8 
269.7 
270.6 
271.6 
272.6 


273.6 

274.4 


278.1 
279.1 


fi9j281 .0  102-3 


300!28l  .9 


92.7 
93.0 
93.4 
93.7 
94.1 
94.4 
94.7 
96.1 
96.4 
96.8 


96.1 

96.4 
96.8 
97.1 
97.5 
97.8 
96.2 
98.5 
98.8 
99.2 


99.5 
99.9 


276.3100.2 
276.3100.6 
277.2100.9 


101.2 
I0I.6 


280.0101.9 


102.6 


pist.'  Dep^Ut. 
~lVor'i6"Degn» 
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Difference  of  Latitude  aad  Dcpan 
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LU- 

D^ 

Oifl 

Lat. 

l>(|i   ,Diit.|  Lat.  ;t>tp. 

^ 

Ul     Drp 

w 

J^Dep.    1  1 

00.9 

56  9 

21,9 
2'.« 

121113.11 

U,4 

IT 

169.0,  GI.9 

226.  ( 

36.4 

01.9 

6- 

57.9 

,     22113.9 

43.7 

Bl 

169.9 

65.2 

42|225.9| 

86.7 

02.M 

01. 1 

63 

53. S 

2,^' 11 4. 8 

83 

170.8 

65-6 

43 

226.9 

87.1 

03.7 

01-4 

64 

59.7 

21 

115.8 

44^4 

84 

171.8 

65.9 

227,8 

37.4 

M.7 

01.3 

6o 

ti0.7i  23.3 

a 

116.7 

44.8 

85 

172.7 

66.3 

45 

118,7 

87.8 

'' 

05.6 

66 

61 -6|  23.7 

36 

117.6 

45. i 

£6 

173.6 

66.7 

46 

219,7 

38.2 

06.5 

M.6 

67 

62.5    24.0 

118.6 

45.6 

B7 

174.0 

67.0 

230,6 

07.5 

M.S 

68 

63.6   24,4 

M 

119. S 

45.9 

88 

175.6 

67.4 

431231.  a 

38!9 

0B.4 

05.3 

69 

64.4!  24,7 

sa 

110.4 

46.2 

89 

176.4 

67.1 

49 

235, fi 

39.2 

1 

OS-3 

03  6 

65.41  i5,lj     34, 

121.4 

46.6 

90*177.4 

50 

233,4 

39.6 

10.3 

03.9 

"^ 

66.31-sO 

13 

122,; 

46.9 

191178-3 

"sO 

151 

mT; 

90.0 

11. S 

04.3 

72 

G7.i:!'.:5.t 

92179,2 

6B,B 

52 

235.; 

90.3 

1    1 

i:.i 

M.7 

73 

6a, sj  ^6.: 

ii4!i 

47 '7 

93 130. 1 

r,').''. 

531236.^ 

90.7 

13.1 

06.0 

69, 1|  SC.5 

3  ;i25.1 

43.0 

■14131,1 

69.5 

M 

237.1 

91.0 

uo 

05.4 

7. 

70-0 

26-9 

35li6.0 

48. 'I 

351aJ.O 

69.9 

551238.1 

91.4 

11-9 

0S.7 

71.0 

36lli7.0 

48,7 

96133,0 

70,2 

56239.0 

91.7 

15. » 

06.1 

71.9 

37.6 

37  127.9 

49,1 

97133,; 

70.6 

57  239.! 

92.1 

!    1 

16.8 

06.5 

7a 

72,8 

28. 0 

3b|12S.8 

49,5 

9S  134.8 

71 .01     B8|240.9 
71.3  1     69|241,8 

91.5 

I 

17.7 

06.8 

79 

73,8 

28.3 

39iI29.e 
4a!;fl).7 

19-8 

99135.8 

92.8 

1-^ 

16.7 

07.1 

SO 

74,7 

28.7 

50,2 

2i0|l86.- 

71.7 

601141.7 

93. S 

1   - 

1<'.6    07. a 
20. S    07.9 

"29:5 

I4l|l31.6 

50,5 

-01187.6 

72.0 

261243.7 

93.5 

1   s 

82 

76.61  29.4 

50,9 

02188.6 

72.4 

62 144 -6 

M 

J1.5:  08.! 

83 

77.5'  29.7 

43:133.5 

51,2 

03189.5 

72.7 

94 '3 

S4 

3J.4'  OB. 6 

M 

78.4'  30.1 

44:i3l.4 

W 190.5 

73.1 

94.6 

1     « 

S3.3 

09.0 

i 

79.4   30.5 

451135.4 

U5I9I,4 

73.5 

95.0 

24.3 

03.3 
09,7 

1 

80-3   30.3 

411' 136. 3 

62 '3 

OG  192.3 

73.8 

95.3 

a 

S3. 3 

47.1.T7,2 

52,7 

07193,3 

74.2 

67  249.3 

26. 1 

10.0 

e;:;  ;ii:2 

48,133.2 

33,0 

ijs'iy4.; 

96.0 

2 

10.4 

8! 

S3.I    31.9 

53,4 

li;M-.li.l 

6ut5l!T 

96,4 

31 

M-O)  lO.C 

90 

84.01  3-2.3 

BOUtO.O'  53. R 

10196,1 

75.3 

70  259.1 

96.8 

9' 

l.iilll.O   54.1 

.n  1J7,0 

75.6 

Tufl^ 

97.1 

3 

25.9,  11.5 

3:141.9;  frl.S 

1:1.197,! 

76.0 

71 

153.9 

97.5 

;  33 

30.3    11.8 

HU.ui  3.1.: 

j.M4i.B!  34.1: 

76.3 

73 

i»4,9 

97-8 

i  ^ 

31.71  13.; 

87. B   33,7 

,=i4'143.11f  3i-^ 

MiF99]B 

16.7 

7. 

^.8 

98.2 

1     Si 

3;.?:  12,6 

'.•S  B8.71  31.0 

J.j'lH.7    55.5 

15  200.7 

77.0 

[56.7 

98.6 

,  M 

33.01  ,2.9 

»;   ?9.fi   3*. J 

5<;il3.6    55.9 

16,:01,T 

■n.4 

71 

257.7 

98.9 

1    SI 

34.^1  13.3 

SV-  mA  ;w.«- 

57;146.S    ,76.3 

17(202.6 

77.8 

77 

153.6 

39.3 

■     38 

33.5    l;].6 

9;!'  91. fl  35.1 

5U' 147.5    5G.6 

1!i;203.5 

73.1 

78 

i59.5 

99.6 

» 

36.4    14.0 

90    !>2.4|  35.5 

39  148.4   57.U 

i:.'.iH.s 

78.  J 

79 

260.5 

100.0 

40 

17. J    14.3 

100 

93. 4|  3.t.B 

60;U9.4   37-3 

21 

iDA.l 

70.3 

Bff 

•61,4 

94.3   36.: 

161  idO.3   S7,7 

2I<6.3. 

2S1 

i62.3 

fyoT 

42 

3u'£    13~1, 

<u 

95.2   36 .6 

62151. :2    58.1 

22-.'li7.3 

79^6 

821 

M3.3 

43 

40.1     15.4 

03 

96. i    36.9 

C3,152.2;  5!!.t 

23  J18.1 

79-9 

aa 

164-1 

44 

41. 1    15,;, 

04 

97,1    37,3 

64 

153.1-  aii.rt 

24:209.1 

BO. 3 

84 

265.1 

101.8 

'    4a 

42.0    Ifi.l 

05 

98,0    37,6 

65 

154,0-59,1 

25;'2I0.I 

BO. 6 

U 

2B6.1 

102.1 

4£ 

Ai.$    1C.S 

66 

155. 0;  59.5 

81.0 

86 

167.0 

102.5 

47 

43.9    IG.B 

07 

•M.m  M.i 

67 

155,9'  59,:: 

27'i2n!9 

81.3 

87 

167.9' 

102.9 

48 

«.B    17.! 

03  100,8    3Ji.7 

68 

156.8:  60.^ 

23.212.9 

81,7 

83 

268.9!l03-2 

49 

45.7    17-6 

O-Jiurs    39-1 

69 

157.8!  eo.G 

21J.8 

82. 1 

89 

1269.8  103.6 

5( 

46  7    17.9 

10'102,-    39,4 

70 

lja.7;  60.9 

30 

114.7 

82.4 

90 

;!70,7  103,9 

""fti 

47.61  1B.3 

HI  103,6    39,8 

231 

215.7 

82.8 

!91 

271.7104.3 

1  « 

43. S    18.6 

la  104,6    40.1 

160  ]  6 

61,61 

31 

116  6 

S3.I 

95 

272.ell04.6 

&: 

49.3    J9.0 

13  105.5  40.5 

73 

I6I.5 

ca.o: 

33 

217.5 

K3.5 

93 

273.51105.0 

6< 

S0.4    19^ 

14  106.4   40.9 

74 

62,, 1 

34 

218.5 

33.9 

94 

274.5I1O5.4 

61 

51.3    19.7 

63 '4 

62.7, 

35 

219.4 

34.2 

J7S.4105.7 

M 

S!.3   !0.1 

I6'l08!3   4l!6 

76 

164.3 

63.1 

36 

220.3 

84-6 

96 

S76. 3106.1 

67 

S3.5  ao.4 

17 

09,2   41,9 

77 

65.2 

63,4 

37 

221.3 

84.9 

97 

m. 3106.4 

aa 

54.1    20.8 

18 

10  2   41.3 

78 

66.2 

63,3 

38 

121.2 

83.3 

93 

278.3  106,3 

'     M 

55.1    21.1 

19 

11.1    42.6 

79 

67.1 

64.1 

39 

123.1 

85.6 

99 

279-1107,2 

■    « 

36.0    21. G 

^ 

U  0   43.0 

68.0 

!£4.i 

86.0 

300 

280,1(07.6 

'Di* 

Drp.    Ul. 

DSTJ 

D,p.l  L.1, 

WT. 

Dep.  ITSTI 

kZ 

^L 

"uT 

Ui^    l>^p..U^    1| 

[Korti9Dee«e*.    \, 

38 

TABLE  II. 

1 

Difference  of  Lati 

ude  anU  Departure  for  22  Degrees. 

Dk 

riMT 

[Ufp^ 

DST 

T5i7 

:^ 

&«( 

L»Z 

&. 

.  U»[ 

Lb 

|D«T.. 

DiX- 

Lst 

D^ 

O0.9 

"Ml 

12. S 

iJi 

112.2 

3     181 

167 

8    67.8 

141 

123. 

90.3 

i 

01-9 

Oo!7 

61 

57,5 

!3.1 

K 

113,1 

4,i 

7       Bl 

168 

7    63.2 

42 

S24. 

90.7 

3 

02.8 

01    1 

63 

58.4 

53.6 

46 

1       83 

7    68.6 

43 

225. 

91  0 

' 

03,1 

01.5 

64 

59.; 

24.0 

!' 

S       84 

170 

G    68.9 

44 

216. 

91.4 

04.6 

01,9 

24,3 

25 

115.9 

46 

3       85 

171 

5    69.3 

45 

«7- 

91.8  { 

1 

03,6 

0-1. i 

66 

61 ;! 

24.7 

26 

llfi.B 

47 

2       86 

S    69.7 

46 

K8. 

92.2  ■ 

■ 

06-fl 

Oi.6 

67 

62. 

35,1 

27 

117.8 

47 

173 

4   70.1 

47 

(29. 

9S.5' 

68 

63, ( 

25.5 

iia.7 

47 

9       88 

17* 

a   70.4 

W9 

92.9 

1 

os'-' 

69 

15. B 

19 

119,6 

48 

17fi 

S   70.8 

4> 

230. 

93.3 

10 

Oil. 3 

03.7 

70 

64!' 

'iH.S 

31, 

120,5 

7       90 

176 

!   71.2 

SO 

131, 

93-7  . 

71 

65,8 

i6.6 

131 

"49" 

1    lyi 

7  71. s 

251 

BT 

94.0' 

11 

11.1 

04.a 

72 

66.8 

121.4 

49 

4       91 

178 

0    71.9 

51 

133. 

94.4 

13 

IS. 

04.9 

73 

67.7 

33 

123.3 

49 

^,       93 

178 

9    72. J 

63 

134. 

94.8! 

14 

13.0 

03. S 

74 

6H.6 

s:7.7 

34 

134.1 

50 

2       94 

179 

9   73-7 

64 

235. 

96.3! 

IS 

li.'. 

05,6 

75 

69.5 

351 

135.  B 

SO 

6       95 

ISO 

8    73.0 

66 

136. 

95.S 

IS 

06. ( 

76 

70. B 

18  Is 

3) 

126.1 

50 

9       9h 

7    73.4 

56 

137. 

96.9  ' 

n 

ISJ 

77 

71.: 

2a. 8 

li7.0 

SI 

7    73.8 

238, 

96.3! 

18 

16,7 

oc^-; 

29.5 

12H.(« 

61 

7       9t 

183 

6    74.2 

239. 

9C.g! 

19 

17.6 

07,1 

79 

73!' 

3; 

128.9 

S2 

1       99 

1B4 

5   74.S 

140, 

97.0  1 

10 

IS,6 

07,  S 

80 

74.1 

soio 

40 

W-^ 

sa 

4     100 

IBS 

4l  74.9 

60 

141. 

97.4  ■ 

a 

IS, 5 

liTTs 

75.1 

30.3 

1^6 

4   75.3 

"SfiT 

241, 

97. a 

n 

SU.4 

08,- 

82 

76,0 

30.7 

131 '.7 

53 

2       02 

187 

3   75.7 

62 

It). 

98-1 

13 

oa.6 

83 

77.0 

31.1 

43 

132-6 

S3 

6       03 

188 

1    76.0 

6^ 

143. 

98.5- 

M 

2-2,3 

09,0 

84 

77,! 

31.5 

44 

l.W.fr 

.■-.3 

9       0^ 
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1    76.4 

64 

244, 

98.9: 

M 

SJ,a 

09,4 

4i 

134.* 

S4 
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im 

245 

99.3! 

09,7 

B6 

79]- 

3Z.i 

135.4, 

7       06 

191 

99.6; 

S7 

55,0 

10.1 

B7 

80.- 

.12.6 

*■ 

136.3 

1       07 

191 

9    77.5 

67 

5^100.0 

IB 

^6,0 

10,5 

88 

ni.b 

3.1.0 

48 

137.2 

55 

4      08 

132 

9    77.9 

GB 

143. 

J1OO.4  I 

«9 

2i1,« 

10,9 

89 

83.5 

33.3 

4; 

138.2 

56 

8       Oi 

193 

8    78.3 

69 

149. 
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30 

37,8 

11. 1 

90 

33.7 

139.1 

56 
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70 

e50. 
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-WTt 

11.6 

91 

34.1 

in 

140.0 

56 

6    ill 

I9fl 

6    79.0 

I7T 

mT 

I0J.5 

23.7 

9S 

05.3 

34.5 

Bl 

140.9 

56 
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6    79.4 

71 

SSI. 
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33 

30,6 

13,4 

93 

86,1 

34.8 

63 

141,' 

57 

3       K 

5    79.8 

73 

163. 

10S.3 

34 

12.7 

9* 

ST.-. 

fr 

57 

193 

4    B0,2 

7- 

164. 

102.6 

3fl 

3:!i 

13.1 

98 

5H 

1       15 

3   80. S 

166. 

103.0 

, 

36 

J3.4, 

13, a 

-iS.O 

56 

144.6 

68 

4       16 

SOO 

3    150.9 

7f 

156. 

103.4 

34.3 

13,9 

U7 

RH.U 

36.3 

67 

143.6 

8     r 

Ml 

2    81.3 

77 

156, 

103.8 

3^ 

35,2, 

14.1 

9a 
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36,7 

58 

I4G.5 
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1    B1.7 

78 
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8  104.1 

3! 

36.1 

14,6 
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TABLE  II. 

DiflTcrenrc  of  Latitude  and  Departure  for  28  Degrees. 

I)ep 
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5' 

c: 
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11 
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14 
15 
16 
17 
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0;.Ji; 


2  » 
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'J.J 

27 
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13. 2i 
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0.1.  J 

0,3.  r. 

06.1 
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67.3 
57.7 
68.2 
68.7 
59.2 
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60.1 
60.6 
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63.4 
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66.7 
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69.0 
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73.7 
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74.6 
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78.9 
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84.0 
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98 
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161.6 
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164.2 
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166.0 
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16 
17 

n, 

19 

20 
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169.6 

170.4 
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173.9 

171.8 
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180. 

181.0 

181*9 

182.8 

183.7 

181.6 

185.4 
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187.2 
188.1 
189.0 
189.8 
liK).7 
191.6 
192.5 
193.4 
191.2 
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196.9 
24  197.8 
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200.4 
201.3 
202.2 
203.1 


27 
28 
29 
30 
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32 
3.J 


2<H.O 
204.8 
205.7 
34:206.6 
36!207.5 
36"203.4 
37.209.3 


85.9 
86.4 
86.9 
87.3 

87.8 
88.0 
88.7 
89.2 


DiM.i  Eat. 


241[tl2.8 
42I213.7 
43;214.6 
44;216.4 


8li.7 
90.1 
90.6 
91.1 
91.5 
92.0 
92.5 
93.0 
93.4 
93.9 


94.4 

94.8 

96.3, 

96.8 

96.2 

96. 7i 

97.2 

97.7 

98.1 

98.6! 


99.1 
99.6 
100.0 
100.5 
100.9 
101.4 
101.9 
102.3 
102.8 
103.3 


103.8 

10-1.2 

104.7. 

105.2 

105.6 

106.1 

106.6 

107.0 

107.5; 

108.0' 


108. 4| 
108.9! 
109.4! 
109.9. 
110.31 
110. Si 
111.3; 


38210.1  111. 71 
39211.01112.2' 
441-211. 9112. 7i 

l)ist.=  Dop.  '•  l.at. 


45^16.3115.0 


46 
47 
48 


217.2 
218.1 


Dq..   ,1 


113.1 
1I3.G 
114-1 
1I4.C 


II5.5 
116.0 


2l9.0ill6.i 


49219. 91116. 9  ,1 
60i220.7'"'  '    ' 


261 


52 
63 
54 


117.4 


117.8 


22 1 . 6 

i22!.'>{ll8.3 

223.11118.8  , 

S24.3tl19.S  I 

56  225.2119.7  i 

56  226.01120. 2  ' 

57  226.9120.7 


681227.8 
223.7 
229.6 


121.1 
121.6 
132.1 


230.4i122.5 
231  .A'123.0 


I 


2,32.2 
233.1 


234.0124.4 


234.9 
2.16.7 


123.6 
123.9 


124.9 
125.3 


236.61125.8 
237.5  126.3 
258.4  126.8 


239.31127.2 
240.2127.7 
241.0128.2 
241.9|l28.6 
129.1 
129.6 
244.6  130.0 
246.6130.5 


79  246.3 
80247.2 


131.0 
151.5 


248.1  131.9 
249.0132.4 
249.9132.9 
250.8  153.3 
251.6133.8 
252.5154.3 
263.4)134.7 
254.3  135.2  I  I 


256.2 
266.1 


155.7 
136.1 


Sii]  266.91136.6 

92  257.8137.1 

93  2.58.7  137.6 

94  2.VJ.6138.0 
96  2lK1.6^l38.Ai; 
96  261 .4139.0  ;, 
!17  262.2  139.*. 
98:263.1  139.9 
99  264.0  140.4  | 

300  264.9  110  j^! 
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TABLE  II. 
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Difference  of  Latitude  and  De})arturc  for  29  Degrees. 


43 
43 


Dist.   Lat.  I  Dep. 


I 


2icj; 

211.7 
212.5 
441213.4 
451214.3 
462)5.2 
4T216.0 
48216.9 
49217.8 
aU.218.7 


251|219.5 
52  220.4 
53'221.3 
541222.2 
55  223.0 
661223.9 
67  224.8 
225.7 
226.5 
60  227.4 


228.3 

229.2 

230.0 

230.9 

6:)231.G 

60  232.6 

67  233.5' 

6:r234.4 

69  235.3= 

7U.236.1! 


271  237  .ot 
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34.1 
34.8 

10 

80 
"ST 

75,0 
'7r7 

70 

IM 

m 

; 

115 

9      30 

6    131 

168, 
168, 

l.W 
157 

9       90 

iTO 

197.6 
198.9 

61 

38. 

33.5 

IJ 

ei 

76.4 

71 

126 

117 

3      31 

169. 

I6S 

1       92 

113.6 

199.1 

33 

38. 

36.1 

13 

n 

77.1 

116 

I 

IIS 

0       33 

170- 

168 

9       93 

199.8 

39. 

36. S 

14 

S3 

77.7 

74 

127 

7       34 

171 

169 

6       94 

215.0 

100.6 

35 

40. 

37.5 

15 

78,4 

79 

m 

i 

119 

3       35 

171, 

160 

3       95 

215.7 

201. t 

S6 

41. 

38.2 

16 

79. i 

76 

118 

7 

120 

0       36 

172, 

161 

0       96 

116.6 

201.9 

17 

89 

79.8 

77 

129 

4 

180 

7       37 

173, 

161 

6       97 

117.1 

101.6 

4l! 

39!g 

IB 

86 

80.5 

78 

130 

a 

III 

4       38 

174. 

162 

3       98 

ws.s 

K 

43. 

40.1 

19 

87 

79 

130 

9 

I«l 

1       39 

174, 

163 

0       99 

118.7 

103.9 

« 

tea] 

43. 

40.9 
Ul. 

10 
Dbt 

87 

81  !h 

BO  131 

6 

122 

8       40 

7  dST 

176. 

1 

7     300 

219.4 

104.6 

Idst 

Dbt.  Dap. 

nligw_ 

UL 

[For  47  DepMf.    1 

50 


TABLE  11. 
Diflercnce  of  Latitude  and  Departure  lor  34  Degrees. 


Dbt 


1 

2 
3 

4 
6 
6 
7 
8 
9 
10 


Lat. 


11 
IS 

]3| 
U 

I  Iti 
17 
18 
}9 
20 


00.8 
01.7 
02.6 
03.3 
04.1 
05.0 
0^.8 

m.G 

07.5 
0i:.3 


Dep. 


00.6 
01.1 
01.7 
02.2 
02.8 
03.4 
03. 9 
04.5 
05.0 
05.6 


0<J.l! 

09.9 

10.8 

11.6 

12.4 

13.3 

14.1 

14.9 

15.8 

16.6 


21 

22 
23 
24 
25 
26 
27 
28 
29 
30 


1».2 
19.1 
l!K9 
20.7 
21.6 
2J.4 
23.2 
24.0 
24.9 


06.2 
06.7 
07.3 
07.8 
08.4 
08.9 
09.5 
10.1 
10.6 
11.2 


Dist. 


61 
62 
63 
64 
65 
66 
67 
68 
69 
70 


31 

32| 

33 

34 

35 

36 

37 

38 

39 

40 


41 
42 
43 
44 

45 
46 
47 
48 
49 
50 


I  51 
i  52 
i  53 
54 
55 
56 
57 
i  58 
69 


11.7 

lO     -I 

I  Mf  •  «  /  I 

12. 9j 

13.41 

14. 0" 

14.5 

15.1 

15.7 

16.2 

16.8 


25.7 

26.5 

27.4 

28.2 

2y.0 

29.8 

30. 7| 

31. 5| 

32.3! 

33.2! 

3-i.oi 

34.8: 

35.6 

36.5 

37.3 

.38.1 

39.0 

39.8 

40.6 

41 .51 


17.3 
17.9 

18.5 

19.0 

19.6! 

20.1* 

20.71 

21.2! 

21.8. 

22.1 


42. 3j 

43.1 

43.9 

44.8 

45.6 

46.4 

47.3; 

48.1 

48.9 

49.7 


22.9 
2,i.b 
21.0 
24.6 

25.7 

26.31 
26. 8{ 
27.41 
28. 0| 

28.5! 
29. ll 
29.6: 
30.21 
30.8; 
31.31 
31.9' 
32.41 
33.0 
33.6! 


71 

72 
73 
74 
75 
76 
77 
78 
79 
80 


81 
82 
83 
84 
85 
86 
87 
88 
89 
90 


91 
92 
93 
94 
95 
96 
97 
98 
99 
lOOl 


Lat. 


50.6 
51.4 
52.2 
53.1 
63.9 
54.7 
55.5 
56.4 
57.2 
58.0 


58.9 
59.7 
60.5 
61.3 
62.2 
63.0 
63.8 
64  7 
65.5 
66-3 


Dep. 


34.1 
34.7 
35.2 
35.8 
36.3 
36.9 
37.5 
38.0 
88.6 
39.1 


Dist.|  Lat.  I  Dep. 


121.100.3:  67.7 
22*101. l|  68.2 
23102.0;  68.8; 
24102.8!  69.3 
251 103. 61  69.9 


261104.5 
27|l05.3 
28.106.1 
29,106.9 
30  107.8 


70.5 

71.0. 

71.6 

72.1 

72.7 


39. 
40.3 
40.8 
41.4 

41.9; 
42..'! 
4.).1 
43.6 

4-1.2: 
44.7. 


1311108.6 
32:109.4 
33*110.3 


67.2! 

68.0 

68.8 

69.6 

70.5 

71.3 

72.1 

73.0 

73.8 

74.6 


34 
35 
36 


111.1 
111.9 
112.7 
371113. 6 
38;]14.4 
39:115.2 
401116. 1 


45.3 
45.9" 
46.4' 
47.0, 

47.51; 
48.1': 
48. 6i; 
49.2' 
49.8'l 
50.3! 


141|I16.9 
42117.7 
43  118.6 
44!l]9.4    80.5 


73.3 
73.8 
74.4 
74.9 
75.5 
76.  ll 
76.6 
77.2 
77.7 
78.3 

78.8: 
79.4" 
80.0 


45 
46 


120.2 
121.0 


81.1 
81.6 


47  121.9  82.2 
40ll22.7|  82.8 
49'123.5|  83.3 
83.9. 


75.4 
76.3 
77.1 
77.9 
78.8 
79.6 
80.4 
81.2 
82.1 
82.9 


101 
02 
03 
04 
05 
06; 
07 
08 
09 
10 


111 
12 
13 
14 
15 
16 
17 
18 
19 
20 


83.7 
84.6 
85.4 
8C.2 
87.0 
87.9 
88.7 
89.5 
90.4 
91.2 


92.0 
92.9 
93.7 
91.5 
95.3 
96.2 
97.0 
97.8 
98.7 
99.5 


|Ditt|  Dep. '  Lat.  JiPist.  Pep. 


50,124.4; 


50.9 
51.  i 
52.0 
52. G 
53.1 
53.7 
54  2 
54.8 
55.4 
65.9:. 


151'125.2 
52|l26.0 
53  126.8 
54 


84.4 
85.0 
85.6 


127. 7|  86.1 
55128.51  86.7 
56'.129.3!  87.2 
57il30.2'  87.8 
58;131.0|  88.4 
59|l31.8j  K8.9 
60jl32.6|  89.5 

56.5i:  16T'l33.5i  90.0 

57.0ii  62134.3!  90.6 

57.6.  63!l35.1  91.1 

68.2;:  61136.0:  91.7 

58. 7r  65il36.8j  92.3 

59. S|  66.137.6i  92.8 

59.8);  67l  138.41  93.4 

60.4;i  68*139. 3-  93.9 

61.01  69il40.l|  94.5 

61. 5;  70;14D.9;  95.1 


62.1 
62.6 
63.2 
63.7 
64.3 
64.9 
65.4 
66.0 
66.6 
67.1 


Lat 


Dist.j  Lat. 

TsTiTso 

82150 
83.151 
84152 
85|l53 
86154 


1711141.8!  95.6 
72'142.6   96.2: 


73 
74 
75 
76 
77 
78 
79 
80 


Dist. 


143.4 
1U.3 
145.1 
145.9 
146. 7 
147.6 
148.4 
149.2 


Dep. 


96.7 
97.3; 
97.9' 
98.4 
99.0 
99.5 

100.1; 

100.7, 


Lat. 


87 
88 
89 
90 


191 
92 
93 
94 
95 


155 
165 

156 
157 


158 
159 
160 
IriO 
161 


961162 
971163 
98164 
99  165 
200  165 


201  166 


02 
03 
04 
05 
06 
07 
08 
09 
10 


167 
168 
169 
170 
170 
171 
172 
173 
174 


211 
12 
13 
14 
15 


174 
175 
176 
177 
178 


16.179 
17;179 
18180 


19 


181 


20182 


221 

23 
24 
25 
2(J 
27 
28 
29 
30 


i  231 
32 
33 
3 
35 
36 
37 
3811 
39 
40 


183 
184 
184 
185 
186 
187 
188 
189 
189 
190 


191 
192 
193 
194 
194 
195 
196 
97 
198 
199 


l>ep. 


101.2 
101.8 
102.3 
102.9 
103.5 
104.0 
104.6 
105.1 
105.7 
6:106.2 


3'106.8 
21107.4 
0I107.9 
8J108.5 
7;  109.0 
5;  109. 6 
3110.2 
1!110.7 
Oim.3 


8l 


Dist. 


241 
42 


44 

45 
46 

47 


6>112.4 
5'll3.0 
3113.5 
11114. 1 
0:114.6 
8|ll5.2 
6;115.8 
4116.:; 
3|116.9 
l!ll7. 

9jrnro 

8118.5 
6l]19.] 
4:119.7 
2'l20.2 


120.8 
121.3 
121.9 
6:122.5 
4|123.0|i 


21123.6 


124.1 
124.7 
125.3 
125.8 
126.41 
126.9 
127.51 
128.1 
7!l28.6 


5129.2 

3:129.7 

2J130.3| 

0130.9 

8;131.4 

7il32.0 


Dist.  Dop. 


132.5 
133.1 
133.6 


Lat. 


251 


Lat. 


199.8 
200.6 
43  201.5 
202.3 
203.1 
203.9 
204.8 

48  205.6 

49  206.4 

50  207.3 


208.1 
52]  20s.  9 

54>210.6 
55:211.4 
56  212.2 


Dep. 


57 
58 
69 


213.1 
213.9 
214.7 


.8'     60*215.6 


65 
66 
67 
68 


261216.4 
62  217.2 
63;218.0 
64(218.9 
219.7 
220.6 
221 .4i 

«•«■«• .  s 

69J  223.0 
70  223.8 

"27ll224.7j 


72225.5 
73:220.3) 
74;227.2 
75228. 0 
76  228.8 
77 
78 
79 


281 
82 


229.6 
230.5 
231.3 
80  232.1 


233.0 
233.8 
:34.6 
84|235.4 
236.3 
237.1 
237.9 
238.8 


u3 


85 
36 
87 
88 


90 


291 
92 
93 
94 


89  239.6 


240.4 


241.2 
242.1 
242.9 
243.7 
95J244.6 
96  245.4 


97 
98 
99 


246.2 
247.1 
247.9 


300i248.7 


34.8 
35.3 
35.9 
36.4 
37.0 
37.6 
38.1 
38.7 

39. S 

39.8 


40.4 
40.9 
41.5 
42.0 
43.^ 
43.2 
43.7 
44.3 
44.8 
45.4 


I 


45.9 
46.6 
47.1 
47.6 
48.2 
46.7 
49.3 
49.9 
50.4 
51.0 


51.5 
52.1 
52.7 
53.2 
53.8 
64.3 
54.9 
55.5 
56.0 
56.6 


I 


57.1 
67.7 
5o  .3 
58.8 
59.4 
59.9 
60.5 
61.0 
61.6 
62.2 


62.7 
63.3 
63.8 
64.4 
65.0 
65.5 
66.1 
66.6 
67.2 
67.8 


Dirt.'  Pep.    Lat. 
[For  56  Degreef. 


>«••. 


■^ 


I 

TABLE  n. 

53 

Diflercfif  c  of  Latitude  and  Depart 

ure  for  3?  Degr«ei. 

S 

j^&^ 

Di«^ 

U(.    tv 

bbt     Urihep. 

Dirt. 

TST 

t>^l>.    Ubt 

Ui  ]  Dip, 

1 

OD.N 

00  6 

48  7,  36 

7i    l:!ll  96  6    7*,8l 

"m 

108.9]  141 

193.SI4a.0 

! 

01-6 

01  5 

65 

« 

Sl  37 

3      22    97 

4^  73 

i 

82 

145 

193.3146.6 

M-^ 

01 -B 

e.'* 

M 

:*  37 

9      S3   98 

a    74 

83 

146 

llo]|       43 

194.1146.2 

03-a 

01  4 

fi* 

31 

1>  38 

6      24   99 

ffl  74 

146 

110-7       44 

194.9146.8 

04.0 

03.0 

65 

ai 

9!  39 

1       25    99 

\ 

as 

147 

196.7 

147-4 

04. 8 

03  6 

66 

7l  39 

7       MlOO 

^  7a 

86 

148 

llllg'     M 

196-6 

14S.0 

09 .« 

0*-S 

67 

r^ 

S      27 101 

4|  76 

B7 

149 

3 

111.6       47 

197. 3 

148,6 

t 

06.4 

04,8 

6M 

9      S8  10S 

«  77 

83 

ISO 

1 

113-1 !     48 

198  1 

149-9 

9 

07-1 

OS-l 

6: 

aa 

i'» 

5      29]  103 

ffl  71 

89 

150 

9 

113.7       49 

198  9 

149,9 

IV 

W-0 

06-0 

ae 

9|4« 

1       30JI03 

90 

161 

1 

114.31     60 

199.7 

150.5 

~1? 

Oi.K 

06-6 

■» 

1~ 

« 

7     131104 

■6l"78 

1 

157 

las 

5 

114  9    151 

tOO,5 

181.1 

H 

0»-6 

07-! 

7; 

87 

43 

.3      3SI09 

4j  79 

91 

153 

3 

lli.fil     St 

101,3 

iai-7 

u 

»-♦ 

OT-8 

ae 

: 

*3 

9      33  106 

W  80 

0 

93 

154 

1 

116.3       53 

101. 1 

iai.3 

M 

(t.l 

OG-t 

7- 

S9 

** 

S       34  107 

«  80 

6 

9* 

154 

9 

116.81     54 

201-9 

151-9 

IS 

ll.Ol 

09-0 

la 

59 

la 

t       35  107 

»  SI 

2 

93 

T 

117.4       55 

M3.7 

1S3-5 

IS 

.U-^ 

096 

76 

60 

7;      36  108 

6    81 

96 

156 

6 

118.0 

66 

204-5 

154  1 

w 

13 -« 

lO-I 

61 

i 

46 

ai      37 109 

4    SI 

4 

97 

157 

3ill8-6 

6- 

205  I 

134-7 

IB 

14.4 

10  B 
11-4 

63 

46 

9I      38  110 

2!  83 

I 

98 

I6B 

119.1 

206-0 

155  3 

V 

U-1 

63 

47 

S       39  111 

^4 

7 

91 

119.3 

5! 

106. S 

155,9 

16. ( 

tI-0 

na 

63 

9 

l|      411111 

J 

10( 

153 

7 

130.4 

60 

iOT-6 

166.5 

"Si 

17^6 

13*5 

6! 

6S 

\ 

48 

7     14llie 

^I 

9 

a 

"i 

161 

5 

111-6 

61 

157,1 
1S7.7 

3       42113 

u 

16-^ 

■3-G 

83 

66 

30 

0      43  114 

a]  86 

I 

0^ 

161 

1 

m.! 

63 

IIO.O 

1S8.3 

« 

H.I 

t*.4 

B 

i\  SO 

6'      44  116 

0   £6 

7 

04 

163 

91 

lU.S 

64 

IIO.S 

19«,9 

w 

M-0 

lS-0 

67 

9*  ai 

1       iilla 

a  87 

3 

oa 

163 

7 

113  4 

E5 

til. 6 

1S9,5 

« 

to.gl 

ta.6 

68 

i-  51 

S      46116 

el  87 

9 

06 

164 

a 

114.0 

66 

Ml-4 

ICO.I 

«T 

at  6 

16 -t 

87 

69 

6   5S 

4       47  IIT 

4   88 

3 

165 

si 

124.6 

67 

215.1 

1607 

ts 

U.l 

16. D 

SS 

70 

3;  63 

0      48  118 
61      49^119 

1:  89 

03 

166 

125.3 

68 

tli-0 

161,3 

» 

M.J 

«.( 

89 

1    B3 

0\  89 

1 

09 

166 

9|1I5-I 

69 

114-8 

161.9 

30 

14-0 

18.1 

» 

71 

glw 

2J      aO|ll9 

a:  90 

10 

167 

TO 

216.6 

161.6 

3 

"wl 

18.7 

^t 

"?^ 

ISO 

■6I-90 

-'. 

211 

ifiB" 

■61117-0 

■57T 

116-4 

leaT 

31 

*5.* 

19.3 

9S 

4      52 

III 

4.  91 

11 

169 

3;  127 ,6 

72 

217-2 

163-7 

M 

36.4 

19. S 

93 

74 

3    K 

0      53 

123 

*  91 

13 

170 

11118-2 

73 

318.0 

164,3 

34 

tr.j 

W.& 

9* 

75 

i:  96 

6      64 

113 

0!  9S 

1 

170 

9.128.8 

74 

118.8 

164-9 

3a 

IB.O 

tl.l 

9» 

7S 

9:  57 

51    as 

l!3 

8'  93 

16 

ITI 

7  129.4 

76 

219-6 

168-S 

se 

H-S 

ai.7 

96 

76 

71  67 

r.\   66 

IM 

6!  93 

16 

17! 

6  130.0 

76 

130.4 

166.1 

n 

S9.i 

W-3 

97 

77 

51  SB 

*      67 

lis 

4i  94 

17 

173 

3130-6 

7T 

221  1 

166-7 

M 

30.3 

1S.9 

98 

78 

3   59 

0      58 

1*6 

S!  95 

IB 

174 

1131  1 

"^ 

221.0 

16T.3 

93 

31.1 

W-5 

99 

79 

I    69 

B       69 

in 

0^96 

19 

174 

9  131-H 

li 

m-B 

(67.9 

« 

31-9 

J±l 

100 

79 

9|  60 

i       60 

in 

8!  96 

i 

30 

175 

7  133.4 

m 

(13. 6 

les-fi 

"♦ 

al 

U.l 

lUl 

80 

7,  60 

8     161 

6!  96 

? 

2S1 

176 

a  133.0 

SBI 

tt4.4, 

i69T 

3l.fi 

ii,s 

OS 

61 

4      62 

129 

*l  97 

5 

23 

177 

3133.6 

81 

II6.I 

169.7 

« 

M.3 

u.$ 

OS 

8t 

; 

6t 

0]     63 

130 

2    98 

23 

178 

1134.1 

126.0 

170-3 

« 

as.i 

U.t 

04 

83 

6! 

6      64 

131 

0 

98 

7 

24 

178 

9134.8 

t!4)l26.8 

170.9 

« 

3*.! 

«I.l 

05 

83 

■ 

63 

!       66 

131 

8 

90 

3 

•S 

179 

TI3S  4 

85  111.6 

171 .5 

« 

36.1 

»7.7 

OG 

84 

63 

B       66 

131 

99 

9 

S6 

180 

5  136-0 

86  138.4 

171. 1 

fl 

9T.i 

a.3 

07 

8S 

64 

4I    67 

133 

6 

37 

3136.6 

B7  219.1 

171,7 

48 

38.3 

18.9 

08 

36 

65 

Ol     68 

134 

101 

1 

28 

181 

IIS7.2 

8B  130,0 

173-3 

49 

39-1 

t9.S 

09 

87 

66 

6       69 

l.« 

0 

101 

7 

S9 

182 

9  131-8 

89  130.8 

173-9 

M 

»-S    30  1 

ID 

87 

e 

66 

136 

8 

IM 

3 

30 

183 

7138.4 

90131.6 

174-5 

SI 

40.7 

30l 

111 

as 

66 

8l    17. 

i»e 

■? 

231 

184 

5  139.0 

991  131,4 
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10. « 
11..^ 
12.2 
12.9 
19|  13.7 
20    14.1 


II 
12 
IS 
14 
15 
16 
17 
18 


15. 1 

15. IJ 
16.5 
17.3 
IJ.O 

ii;.7 

19. 4j 
20.1 
20.9 
21.6 


22.3 

23.0 

23.7 

24.5 

25.2 

20.9 

26.6 

27.31 

28.1 

28.8 


29.5 
30.2 
30.9 
31.7 
32.4 
33.1 
33.8 
34.5 
35.2 
36.0 


36.7 
37.4 
38.1 
38.8 
39.6 
40.3 
41.0 
41.7 
42.4 
43.2 

Pep. 


00.7 

01.4' 

02.1 

02.8 

a').5 

04.2 

04.9 

05.6: 

06.3 

06.9 


0';.6, 
OH.  31 
09. Oj 
09.7, 
10.4 

II. i: 

11.8; 


12.5 
13.2 
13.9' 


14.6' 

15.31 

16.0 

I6.7I 

17.4 

18.1 

18.8 

19.6 

20.1 

20. B 


21.5 
22.2 

Oft     Q 

23.6 
24.3 
25.0 
25.7 

26.41 

27.1 

27.3 


i>nt 


28.5 
29.2 
29.9 
30.6 
31.3 
32.0 
32.6 
33.3 
34.0 
34.7 


35.4 
36.1 
36.8 
37.5 
38.2 
38.9 
39.6 
40.3 
41.0 
41.7 

Lat 


61 
62 
63 
64 
65 
66 
67 
68 
69 
70 


71 
72 
73 
74 
75 
76 
77 
78 
79 
80 


81 
82 
83 
84 
85 
86 
87 
88 
89 
90 


91 
92 
93 
94 
95 
96 
97 
9« 
99 
100 


101 
02 
03 
04 
05 
06 
07 
08 
09 
10 


111 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Dist. 


Lat.  Dep. 


43 
44 

45 

46 
46 
47 
48 
48 
49 
50 


51 
51 
52 
53 
54 
54 
55 
56 
56 
67 


58 
59 
59 
60 
61 
61 
62 
63 
64 
64 


65 
66 
66 
67 
68 
69 
69 
70 
71 
71 


72 
73 
74 
74 
75 
76 
77 
77 
78 
79 


79 
80 
81 
82 
82 
83 
84 
84 
86 
86 

"Set 


6 
3 
0 
8 
5 
2 
9 
6 


7 
4 
I 
8 
5 
3 
0 


8 
6 
3 
0 
7 
4 
2 
9 
6 
3 


42.4 

43.1 
43.8 
44.5 
45.2 
45.8 
46.5 
47.2 
47.9 
48.6 


49.3 
50.0 
50.7 
51.4 
52.1 
52.8 
53.5 
54.2 
54.9 
55.6 


Dist. 

Lat. 

121 

87.0 

22 

87.8 

23 

88.5 

24 

89.2 

25 

89.9 

26 

90.6 

27 

91.4 

2h 

92.1 

29 

92.8 

30 

93.5 

^ep 


50.6 
57.0 
57.7 
68.4 
69.  (» 
59.7 
60.4 
61.1 
61.8 
62.5 


o 

2 
9 
6 


6  J.  2: 

63. 9j 

64.6 

65.3 

66. U 

66.7 

67.4 

68.1 

68.8 

69.5 


70.2 
70.9 
71.5 
72.2 
72.9 
73.6 
74.3 
76.0 
75.7 
76.41 


77.1 

77.8 
78.5 
79.2 
79. 9i 
80. 6> 
81. 3I 

82.0: 

82.7 

83.4; 

Lat  i 


84.1 
84.7 
85.4 
86.1 
86.8 
87.5 
88.^ 
88.9 
89.6 
90.  :J 


131 
32 
.33 
34 
35 
36 
37 
38 
39 
40 


94. 

95. 

95. 

96. 

97. 

97. 

98. 

99. 
100. 
100. 


141,101. 
42;  102. 
43  10-2 


44 
45 
46 
47 
48 
49 
50 


1U3. 
104. 
105. 
105. 
106. 
107. 
107. 


91. 

91. 

92.4 

93.1 

93.8 

94.5 

95.2 

95.9 

96.6 

97.3 


97.91 
98. 6 
99.3' 
6  KKLO 
100.7] 
101. 4| 
102.1! 


151 
52 
53 


10t>. 
109. 
110. 
54;!  10. 

55  111. 

56  112. 
112. 
113. 
114. 
115. 


104.9 
31105.6 


57 
58 
69 
60 


161 
62 
63 


3 
641118. 0 


65 
66 
67 
68 
69 
70 


171 
72 
73 
74 


76 
77 
78 
79 
80 

Dist. 


115. 
116. 
117. 


118. 
119. 
120. 
120. 
121. 
122. 


123.0 
123.7 
124. 
126.2 
761125.9 
126.6 
127.3 
128.0 
128.8 
129.5 


Dep. 


102.8 
103.5 
104.2 


106. 3; 

107.0 

107.7 

108.4 

109.1 

109.8 

110.6 

lU.l 


111.8 
112.5 
113.2 
113.9 
114.6 
115.3 
116.0 
116.7 
117.4 
118.1 


4120 


118.8 
119.6 
.2 
120.9 
121.6 
122. 3 
123.0 
123.6 
124.3 
126. 0 

Lat 


Dist.  Lat 


181 
82 
83 


130.2 
130.9 
131.6 
841132.4 
133.1 
133.8 
134.5 
135.2 
136.0 
136.7 


85 
86 
87 
88 
89 
90 


191 
92 
93 
94 
95 
96 
97 
98 
99 

200 


201 
02 
03 


»ep. , 


Di8t.|  Lat  ^  Pep. 


137.4 

138.1 

138.8 

139.6 

140.3 

141.0 

141.7 

142.4| 

143.1 

143.9 


144.6! 
145.3: 
146.0 
04'146.7 
05.147.5 
06|I48.2 
071148. 9 
03|U9.6 
09;  150. 3 
10|151.1 

'2Trjl51.8 
12162.5 
13il53.2 
14153.9 


15:154.7 
16155.4 
17>166.1 
18156.8 


19 
20 


221 
22 
23 
24 
25 
26 
27 
28 
29 


231 
32 
33 


36 
36 
57 
38 
39 


^rtJ 


157.6 
158.3 


159.0 
159.7 
160.4 
161.1 
161.9 
162.61 
163.3 
164.0 
164.7 
301166.41 


166.2 
166.9 

167.6 
34J168.3 
169.0 
169.8 
170.6 
171.2 
171.9 
40|172.6 


Pep. 


25.7: 

26.4 

27.1 

27. 8| 

28.5 

29. 2i 

29.91 

30.6 

31.5 

32.0 


32.7 

33. 4i 

34.1 

34.8 

35.5 

36.2 

36.8 

31. o 

38.21 

38. 9| 


39.6 

40.3! 

41.0 

41.7 

42.4 

43.1 

43.8 

44.5 

45.2 

45.9 


46.6 
47.3 
48.0 
48.7 
49.4! 
50.0 
50.7; 
51.4 
52.1; 
52.8; 


53.5 

54.2 

54.9 

66.6 

66.3 

67.0 

57.7 

68.4, 

59.1 

59.8 


3 


60 

61 

61.9 

62.6 

63.2 

63.9 

64.6 

66.3 

66.0 

66.7 

Lat 


2411 
42 
43 
44 
45 
46 
47 
48 
49 
50 


251 
52 
53 
54 
55 
56 
57 
68 
59 
60 


261 
62 
63 
64 
6.'> 
6ti 
67 
68 
69 
70 


271 
72 
73 
74 
75 
76 
77 
78 


79200 
80  201 


281202 


82 


83203 
84204 


86 
86 
87 


Bfy 


209 
92.210 


291 
92 
93 
94  21 


95 
96 


98 
99 


73 
74 
74 
76 
76 
77 
77 
78 
79 
79 


bO 
81 
82 
82 
83 
84 
84 
80 
86 
87 


87 
88 
89 
89 
90 
91 
92 
92 
93 
94 


94 
96 
96 
97 
97 
98 
99 
200 


20s 


205 
206 
206 


88207 


t07 


90208 


210 
1 

212 
212 


97213 


214 
216 


300216 


167.4 
168.1 
^168.8 
6  1696 
2  170.2 
0170.9 
TllTl  .6 
172,3 
173.0 
173.7 


8 


174.4 
176.1 
176.7 
176.4 
177.1 
177.8 
178.5 
6:179.2 
3!l79.9 
0^130.6 


6 

2 


181.3 
61182.0 
2il82.7 
183.4 
184.1 
3{184.8 
185.6 
8|186.2 
186.9 
187.6 


Piit.'  Pe|i 


196.2 
196.9 
196.6 
31197. 3 
0|I98.0 
198.7 
199.4 
SttOO.l 
200.8 
201.6 


3)202.1 
0202.8 

203.6 
6  204.2 
2  204.9 
9206.6 

206.3 
41907.0 

207.7 
W.4 


Ul 


L 


[For  46  Dtffun. 


I 


TABLE  n. 

61 

Difference  of  Lalimdeand  Departure  for  45  D^reei. 

Dbi-i  LM. 

l>p.: 

Di»l.|  LM. !  Dep 

Dim. 

Lm.iDrp. 

Db..[J^D.p- 

m^ 

LM.    Drp. 

■       .lW.7 

00.7 

61  4a.i|«.i, 

tfl 

95.6 

M5.6 

ISlU.D 

241 

70.4170-4 

a:  01.* 

01-4 

62 

43.8   43.8 

12 

86., 

86.3 

8S 

m.7 

!ig!7 

41 

71.1171.1 

si  OS.I 

0!.l 

63 

44.6  44-5 

13 

S3 

Ii9-. 

129,4 

43 

71.8  171.8 

4  01.8 

01. d 

fri 

45.3  45,3 

14 

87  !■ 

87!7 

44 

72.6171.6 

i 

03.a 

03.5 

6S 

46.0  46-01 

13 

asA 

88.4 

I30!8 

4.^ 

73.2 

73-2 

s 

M.1 

04.a 

66 

46.7  46.7; 

16 

89- 

89-1 

86 

131 -S 

IJI.5 

46 

173.9 

73.9 

1 

M,5 

«4.9 

67 

47-4!  47.4; 

17 

89. 

89.8 

37 

IMS 

131.1 

174.7 

74.7 

a 

05.7 

W.7 

68 

4S.I,  48-1 

IS 

90. 

90-5 

131  9 

131.9 

:76-4 

76.4 

s 

06.4 

06. 4 

69 

19 

91. 

91, S 

89 

1J3.6 

49 

76-1 

10 

07.1 

07.1 

70 

495 

49,6 

SO 

91. 

91.9 

9alM.4 

134.4 

50 

116-8 

76.8 

07. B 

"wTa 

71 

131 

"mT 

"nZ 

191 IM. 

isTi 

SSI 

13 

OS. 3 

50. y 

50,9 

3! 

93.3 

91135.8 

135.8 

6- 

m.; 

78.1 

09^! 

09.2 

61,6 

33 

S4. 

94.0 

93  136.6 

136.5 

53 

178.9 

178.9 

}} 

D9-9 

04.9 

55^3 

.W.3 

34 

M. 

94-8 

94  137.1 

131. S 

64 

179-6 

179.6 

U 

10,6 

16.6 

75 

53.0 

53,0 

53.7 

35 

95. 

95.5 

95137. 

137,9 

66 

180.3 

lBO.3 

u 

il.! 

11.3 

76 

53.7 

36 

96. 

96.1 

96I3B  £ 

138.6 

66 

181.0 

1B1.0 

n 

11. € 

77 

54.4 

64.4 

37 

H: 

96.9 

97  139.3 

139-3 

57 

181.7 

iai.7 

IB 

11.7 

1S.7 

7S 

65. i 

55.1 

38 

97.6 

S8140.C 

140-0 

181.4 

iat.4 

19 

13.4 

]!l.4 

7B 

56.9 

55.9 

39 

58. 

98.3 

99  140.1 

140-7 

69 

183.1 

183.1 

« 

14.1 

14.  t 

8(1 

56.6 

66.6 

40 

99. 

99.0 

200141.1 

60 

183.8 

I4.B 

14  3 

57.3 

99. 

99.7 

901  1*2. 

142.1 

■m? 

is4l 

181-6 

S! 

lA.G 

lb.6 

B! 

53-0 

68.0 

42 

100. 

100.4 

01141. 

62 

186.3 

186-3 

13 

W.3 

16  3 

as 

511.7 

58.7 

43 

101.1 

03  143-^ 

143  5 

63 

186.0 

« 

17. C 

no 

M 

59.4 

44 

101, 

1+4-1 

64 

186-7 

186.7 

tl 

n.7 

m 

»b 

6o!l 

MM. 

ioa.6 

06  145/ 

145.0 

65 

1B7.4 

187.4 

« 

lS.4 

60^8 

to. 8 

46 

1*3. 

103-S 

06  145.7 

145.7 

66 

188.1 

188.1 

3tI 

19.1 

19!] 

ei.5 

61.6 

47 

103.9 

07  146. 

146.4 

67 

188.8 

138.8 

IB 

19.B 

19.S 

3B 

6!,« 

6'i,S 

48 

104! 

08147. 

147-1 

fiS 

19 

20.6 

S 

6^.9 

62-9 

49 

105. 

105  ^4 

09147. 

147. 8 

69 

VA.I 

190^! 

31 

!I.« 

90 

63.6 

63,6 

SO 

lOri. 

106.1 

101  I4d. 

148.5 

70 

190,9 

190.9 

11.9 

Mil  6*. 3 

"TO 

151 

imT 

ail  149. 

149.2 

tn 

igTe 

191.6 

at 

ti.6 

:tl.e 

.  Wl  (,j.\ 

65.1 

51 

107. 

107.6 

Iil49. 

149.9 

71 

1«.3 

192.3 

S3 

IJ.Sl 

13.3 

M,i  6j,e 

65,8 

103- 

108.1 

13160. 

150.6 

73 

133.0 

193.0 

H 

2+.0 

S4.0 

Sil  66.5 

66.5 

54 

108.9 

14  161. 

151-3 

74 

193.7 

193.7 

3a 

14.7 

14.7 

95;  67-2 

65 

109 -C 

15151. 

ISl-0 

75 

194.5 

194.6 

36 

-15. B 

U.A 

Sill  67.9 

67^9 

56 

110. 

no. 3 

16  161. 

152.7 

76 

195.1 

195.1 

31 

IG.l 

KJ 

97    iia.6 

6a. 6 

6: 

111. 

111,0 

17  163. 

153.4 

77 

195. 9 

1959 

3« 

S6.S 

J<.9 

9E    6^.3 

69.3 

m. 

111,7 

IB  154- 

78 

196.6 

19S.6 

39 

«7.6 

W.fi 

99   70.0 

70. 0 

5! 

111. 

111,4 

19154. 

164.9 

79 

197.3 

197-3 

ta 

tS.3 

M.3 

lOOl  7').7 

70-7 

60 

113. 

113.1 

10  155. 

156.6 

80 

198.0 

193.0 

41 

S9.0 

191 

71.4 

71.4 

161 

113. 

113,8 

■^156. 

166.3 

■w 

iuO 

198-7 

42 

95.: 

Sd.7 

OS 

72,1 

71. 1 

61 

114. 

12167. 

167.0 

Bt 

■99.4 

199.4 

43 

30.4 

03 

7i.8 

71.8 

63 

IIJ. 

116'; 

13157. 

167.7 

83 

IOC- 1 

WO.l 

44 

31  !l 

31.1 

M 

73-5 

64 

116. 

9116.0 

14  168. 

168.4 

S4 

100.8 

100. 8 

31,1 

31.8 

li.'i 

74,1 

66 

lie. 

7116.7 

26159. 

159. 

85 

201.6 

Mil. 5 

46 

SS.8 

a 

7S,0 

16.0 

66 

117. 

4  117.4 

ae  159. 

169-8 

81 

101. t 

101.3 

4- 

33!: 

M.l 

07 

75.7 

76.7 

67 

tis. 

118.1 

17  160- 

160.5 

(01.9 

101.9 

4a 

33.9 

J3.9 

08 

76.' 

76.4 

68 

113- 

8113.8 

28161. 

161.1 

Bi 

103.6 

103.6 

49 

M.B 

34.6 

0; 

77.1 

69 

119. 

5119,5 

29  161 . 

161.9 

SS 

»4.4 

104.4 

N 

.35.4 

33.4 

77  J 

77.8 

70 

120- 

1120.2 

30161. 

161,6 

9C 

M5. 

US.I 

-T 

36. t 

"361 

78.6 

iio: 

9190,9 

131  163. 

163.3 

Ml 

ioel 

(05.8 

a 

36.8 

36.8 

79.1 

79I2 

72 

HI 

6I2I.6 

32  164 

16*.' 

1     ^ 

10G.5 

106. S 

63 

37-4 

37. S 

79.9 

79.9 

73 

lis 

3  111.3 

33164. 

93 

(07.1 

(07.1 

N 

38 .1 

3S.1 

80.6 

80.6 

74 

113. 

D 133.0 

34  165- 

165 ! 

91 

107.9 

(07.9 

3S.9 

38.9 

1 

81.3 

81.3 

7S 

1*3 

7  113.7 

33  166. 

166- 

9 

!08.G 

(08.6 

« 

39.6 

39. G 

as.o 

81,0 

76 

114 

6  1S4-5 

36  166. 

»166- 

9« 

(09.a 

109.3 

67 

40.3 

40.3 

1 

eS.7 

8i.7 

71 

lis 

llSi.2 

37  161. 

SI67. 

91 

(1D-D 

M 

41.1 

41.0 

la 

83.4 

83.4 

7a 

lis 

9115.9 

38  168. 

3168. 

98J110.' 

110.7 

« 

41.7 

IS 

•1.1 

U.l 

7! 

6116.6 

39  169. 

(I^l69.« 

111.4 

60 

4i'.' 

4!. 4 

84.9 

84.9 

1*7 

3117.3 

40169. 

7169. 

Ilt.l 

d5E 

Dip: 

ruT 

res: 

iDis: 

hsr 

DUl 

Id^ 

-   IM. 

DM  n^ 

lLM.HDM.IUep 

l-t. 

rF««D.,Fe«. 

63 

TABLE  nr. 

MBUDIONAL    PARTS. 

H. 

OJ" 

Id 

!d 

3d. 

4d 

!6dJ_6d^ 

7d. 

837 

H 

16? 
60 

lidjiad 

131 

~o*- 

0      6 

IK 

ISO 

1« 

a  3oa  361 

41 

482 

1  66^  7S6l  787 

1      fi 

IS 

18 

!4 

3011  365 

4S1 

48 
484 

54. 

604' £6 

7S5 

788 

S      6 

I! 

IB! 

S4. 

302    363 

4i3 

541 

605   C6 

71- 

78* 

IS 

183 

54. 

303|  364 

424 

■m 

64 

606   66 

790| 

3 

4,     fi4 

11 

184 

14^ 

304 

365 

426 

607    66 

71i 

791 

66 

IS 

S4 

30 

~wi 

^Tt 

608    669 

730 

79! 

66 

IS 

186 

i* 

SOi 

367 

447 

48 

641 

603    67U 

731 

79J 

6 

67 

in 

187 

24 

SO- 

368 

428 

4B 

64 

610   67 

731 

7M 

7 

66 

12 

18S 

£4 

SO 

369 

429 

on    672 

734 

796 

8 

69 

IS 

189 

44 

30 

370 

430 

49 

65 

612   673 

jmljTMi 

9 

~70 

13C 

19U 

Isi 

3r 

371 

431 

49: 

56. 

613,  674 

7361  797 

~i5- 

71 

13 

191 

15 

5t 

372, 

43S 

65. 

61 

676 

731 

II 

71 

13! 

I9S 

!5 

31 

37J 

433 

66i 

61 

676 

738 
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6.2- 

23 

II 

2! 

5.2B 

6.«1 

6JS 

6. 

e,i; 

654 

6,3- 

23 

10 

63- 

6.49 

A.  0 

6.1 

6.34 

6.4^ 

24 

IB 

1- 

s 

6.4S 

657 

8.  9 

SJK 

632 

6.43 

23 

IB 

ie 

25 

a.  6 

6.17 

6.2f 

6-4 

653 

7! 

26 

IS 

2fl 

AS 

8,1' 

6JM 

6.3f 

6,6 

J.  3 

7.1 

16 

6.10 

fi.S' 

6.4 

7,  0 

7.13 

754 

» 

19 

i; 

6.iy 

a.3 

6^ 

7,  B 

752 

7,34 

39 

14 

1 

I.nu«j 

30 

6.34 

6,47 

?!  1 

7J3 

756 

S.4I 

7,63 

ai  Juij 

la 

9 

Ftbnary  1 

7.  3 

7.16 

7.3(1 

7.43 

"^57 

8.1 

2  AaguM 

10 

3 

7.  3 

7.17 

7.31 

7.4/ 

7,69 

8.13 

8,28 

4 

8 

6 

7.16 

7.3 

7.48 

8,14 

85S 

8,43 

6 

ft 

3 

: 

^3s 

7.44 

7.5S 

8.1' 

6.21 

8.43 

8.68 

8 

4 

NotoqIj.    1 

7.41 

7.66 

857 

8,58 

9.13 

10 

2M9 

10  Apia 

Odober  30 

7JB 

8.  6 

8JM 

8.40 

8^56 

9  12 

95S 

12 

38 

e.  •: 

8.20 

836 

8.63 

9.  S 

9.42 

14 

!>^ 

8.16 

8.3S 

8.48 

9.  5 

951 

931 

9.64 

16 

26 

24 

B.2S 

8.43 

9.  0 

9.17 

9.34 

B5i: 

10.  7 

18 

24 

21 

20 

8,40 

8.57 

9.14 

9.32 
9.« 

fl.49 

10.  6 

10.24 

H 

21 

S.S2 

910 

~S^ 

10.  a 

lOJII 

10.39 

24 

IS 

If. 

Fcb™«7afi| 

9.  4 

B.22 

9.40 

9.ee 

10,16 

10,34 

10.63 

27 

16 

12 

March 

9.ia 

9,33 

9.61 

10.10 

1029 

10.47 

11.  6 

ao  August 

12 

B 

4 

9.24 

9.43 

10.  1 

10,20 

103t 

10.68 

11.16 

BSe^ 

9 

6 

7 

9  30 

10   9 

10.2H 

10,47 

1154 

5 

ft 

Orlobcr      3 

10 

9.37 

9.56 

10,35 

10.64 

11,32 

a 

3  Apnl 
31  Hunb 

S«plriiib.30 

13 

9.41 

10.  t 

loai 

10,4( 

I0,» 

113( 

11 

87 

9,46 

10.  4 

io.ai 

10.-M 

11,  3 

u 

SB 

24 

IS 

10.  6 

1056 

10.46 

11.  fi 

1153 11:44 

7 

26 

Vfter 

Brfore 

9.48 

10.7 

10.27 

10,47 

a.  6  11561 11.45 

Before 

Uter 

/    '  Mjninoi.    [t^quiaox 

'           1           1 

Equiaoi. 

Eqaloo. 

TABLE  VI-SUN'S  RIGHT  ASCENSION. 

? 

^.^ 

W«nt. 

-*fj:i 

H.  M. 

JWf. 

j«r. 

6^. 

On. 

Utf. 

* 

H.   M 

M.    H 

aa.4^ 

0.4? 

«.33 

4.35 

6.4( 

H  44 

10  41 

W.,il 

0  4.i 

«  n 

6.4' 

H  4t 

aa.M 

0.4' 

«.4f 

6.4f 

H.n' 

10  4f 

A 

IS.  SI 

ll.ll 

ti.y 

II.. -ii 

a, 44 

4. 4,'' 

6..'il 

«,5( 

II). 51 

13.41 

14, 3i 

16. 4« 

W.   3 
■  •I.    T 

ii.  3 

*1.    7 

O.Sb 

3.48 

4.33 

6.5t 

9.  0 

lU.bi 

13.43 

14.41 

16.4b 

5 

1. . 

a.M 

4.5f 

7.  1 

4,   ' 

10,  V 

13,4; 

5 

It   h 

ni.«i 

m.H 

a. SI. 

5.   1 

7.  < 

4,  ^ 

11,   \ 

f 

It   1h 

<i  ?t. 

a;t.T.i 

1.  : 

s,  f 

ft.   ^ 

7.   ( 

4  1 

11.   6 

> 

;(1.K 

iii.it 

;i,  ' 

5.   t 

7.r 

II    II 

\i.v 

19.  as 

14  #9 

jl.34 

ai.w 

aa.si 

1.14 

3.  7 

S.llt 

7.17 

t.l' 

11.13 

13.  i 

17.   i 

10 

11 

a,i.a.i 

1.11 

5.1: 

7.ttl 

9  <■ 

II. r 

13     ft 

15,    h 

17. H 

1« 

14.^ 

111.41 

ai.a^ 

a. 15 

5.111 

■;.«.! 

9.?1 

II. » 

13.   ' 

11;     ' 

17   11 

h 

II 

14. » 

n.;w 

3.r 

5.1!5 

7. if 

■1  V 

\-A  V 

1: 

It. 4k 

ai..^ 

;!;i,3h 

.t.a;- 

h.'^ 

7.3; 

t  l- 

13   16 

15   1; 

17  9F. 

15 
16 

It.W 

il.a^ 

«.4i: 

1.3; 

J.  27 

s.as 

7.37 

9.3! 

11.31 

13. at 

15  3] 

17. 3( 

Ij 

lt.il 

Jl    /i' 

33.4.' 

I.Sfi 

:t.3i 

5.3- 

7.41 

9.4«' 

ll.3.i 

13. a4 

15,35 

17.3411 

\-i 

It-i.'. 

^M.    1 

K3.4; 

1.41 

S.-M 

5.41 

9.45 

II. » 

13. at 

I5.V 

I7.39lr 

18;i9.K 

ii.  h 

il.Sl 

1,+i 

:i.S' 

5,46 

7.4' 

4.4- 

11.4) 

13.31 

1?  3' 

ISliO.  ■( 

h!.  ' 

as.-'n 

3.4- 

i.5l 

7..-.: 

t.S' 

ll.4r 

13.3.i 

in  31 

I7.4f 

■M.  i 
ao.ia 

iM.13 
is. 17 

«.5M 

0,  a 

1.51 

'l.Si 

3.47 

5.54 

7.57 

9.57 

il.4'J 

13.34 

15.43 

17.53 

n 

3.51 

.l.,!," 

H.    1 

II).  I 

ii.-i; 

13.4? 

li.4f. 

17.. 55 

n 

iii.it 

W.itl 

0.   s 

I..1' 

3.5i. 

6.  i 

H.   .S 

m.  . 

II. .^6 

13.46. 

15., SI 

IN.   1 

*: 

(? 

«).«i 

aa.a, 

0,   t 

a.   5 

3,5' 

h.  h 

H.   1 

III.  > 

IX.   1 

13..'i( 

l,i,,5,' 

IM.   h 

t.: 

ai.i.- 

M.Kf 

o.ia 

i-  h 

4.   ■ 

h.ll 

M.13 

:o.ii 

IK.  ;! 

13..V 

15.5' 

IK.X 

!J 

1^ 

*J.!M 

■a.ii 

0.16 

a. 10 

4.   7 

b.l5 

0.17 

O.lf 

la.  7 

13.  it 

16.  ; 

IM.H 

35 

iS.W 

o.at 

i.K 

6.1^ 

s.ai 

10. T 

18.11 

14.   1 

16,  ; 

t!T 

iU.3, 

W.S' 

o.a: 

9. If 

4.15 

b.V. 

9,3i'l0.« 

la.i-i 

14.   1 

16.11 

IS. 3: 

r. 

if" 

iH).41 

».4; 

O.M 

«.«! 

4.1' 

6.37 

9. at  10.  as 

la.i* 

;i:v 

16.11 

IH.3! 

fh 

# 

»I.4I 

«.* 

0.31 

1.« 

6., 11 

8.33,10.30;i9.21 

16.31 

IS.HI 

f 

30 

131 

ao.H 

u.:m 

2.29 

4.«- 

6.35 

3  37!l0.3ai2.!5 

U.I7 

Ib.W 

18.37 

30 

<0.5- 

0.39 

a.  3; 

4.31 

8.4i;i0.37l 

14.9: 

IEi.11 

31 

|IK"» 

"Tr 

.ii>^» 

B1>l  lU 

,y«r. 

'"". 

CKI.il 

lOjJass: 
I  t|  I  ] 
3  a'  a  1 


0  11 II  IS 

1  isiis  n 

"-31314  14 


1  iiliai: 

1  I:2|I3  14 

3  IS  13  14 

2  I  ".In  15 


M|«3|93  84l33BL-.,„„  . . 
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Amplitudes. 

JLar  lss|q^S?-5|?32:S5S 

SS3SSS 

gSESSg 

318S32S 

'-■  ■      '----■■     ^-^is 

SS8S3S 

sSsqgs 

asjsea 

-7  ;  =  S3 

sasaai 

aaisisa 

sscas 

■^'i- 

5«S«S_8 

8SS8S5 

S33S5S 

sasacp 
asssa' 
sisssss 

^  f 

32^ 

ssasas 

988ai!i! 

iiiiii 

^t 

SS£ 

S'aiaS 

SEC-sia 

SS"8-S 

sa-4ss 

£35 

sccBsa 

aSS3;;a 

SSSSiSE 

gassss 

65836= 

L  s 

S  =  - 

=5'-sss 

asss-3 

a-s3ss 

assess 

g3SE"3 

^.^S 

sasssc 

5SSSSS 

sesssa 

SBSSIS 

SSSSSE 

sa^ssa 

as5!=s 
ssscas 

=sssa2 

; -  lass 

-5S-S5 

sssiss 

g2S3SS 

-  -   :            "  -"  "  -  r 

.-  --, ;";  s  S  R 

aaaiisii; 

aaxaaa 

a=ssss 

-      ■-.  2  ~ 

=S3SS3 

a"5s*s 

ssaass 

1-  z 

-  -      -.'.'.T. 

aasssa 

acsaas 

sssass 

sassss 

1 .  ■-■    "-- 

-     -:.^ 

-ssasa 

3aS8Sg 

asasa; 

l-.- 

r    r    r 

aasaaa 

aaaaas 

fflgg-^p 

ssEass, 

.y' .  '. 

=  .isa2K:;"ft 

i-ssss 

=SES8- 

338222 

2S4:Ss| 

IHi    ,- 

dS; 

2222Sg 

asssas 

saaaaa 

acasSE 

sssasa 

1=1     F 

ss-as* 

::s8as= 

S-S-32 

ssa2-a 

s-2sas 

1=1 

2-E 

223gSS 

^aassa 

aaasaa 

assasa 

ss» 

SS8-SB 

S=SS£8 

"asasa 

"4S-*J 

aaSs28 

ooi= 

(-EKnfflB, 

ggo-gg 

aaaaaa 

caaasa 

1  =  0 

5  3rS 

'=i^3S.-2 

SS-.13- 

aSi:S25 

ssa-4S 

SEssas 

:si 

222  =  £ 

2<oj-j-^2 

2222ga 

sasaaa 

aacaaa 

K  _  E 
1  ~S 

..g 

-2SSS 

-SSSSS 

S2s-aK 

=s=ass 

=== 

228S=S 

aasaac 

SJS"=5 

sg=a3- 

s*-as= 

g,..,. 

sSaS22 

asaasB 

»  * 

2-' 

2CSSg- 

JS5-=S 

s-ss-a 

8=S2;i 

sa-3ss 

=  — 

»H«ni{n 

n-#-#4aa 

2£2!:E2 

22asss 

??s 

'■  2  £■  is  S  3 

S"=SS» 

iSs'sS 

"as2;2 

;23Si- 

m=iff. 

oooooo 

44-f-a-av 

2EE22S 

""  a 

si-'ss 

!iSS"2S 

ssssss 

2aS2;" 

S"S-SS 

""-2S2 

=2=22= 

222222 

e  ^ 

2Sg 

SR3SS-' 

==SSSS 

ssss== 

SS^SS* 

CS2S2i 

i-r-r- 

,-t-r-r-i-u 

cimsifflOD 

oo-«-w 

3<Mnn«-« 

a  * 

"■-~  = 

ssass? 

3S-=SS 

ssis-as 

S32a3" 

ss^aSs 

=  ».= 

aa«^=■JO 

.-t-t-OBB 

=  CSa.CTBO 

oo---« 

gs^ 

-«»,*.a 

SSSSSS 

-:;aSss 

S28S5- 

2Ss»as 

-;? 

SSSSI'; 

3S»is' 

=  'S3':5 

- :    ■ 

'   ='it 

*5S3SS 

".".r--^. 

aSS5E» 

-23S*« 

""l-illi 

-        ^';« 

^aaaas 

^^^^^■ii 

Sssss* 

■*'-2!ia 

L.tpSsJKi?SS55 

S3SS53 

SS3SSS 

assays 

SS3JSS 

0                                            TABLE  VIII. 

i^  A-"^"-^ssKr/„'?s^.tKrrjs 

«d  Star^  adapted 

to  die  b^ 

JVtaW.  «ml  rift-^tow  «f  Ife  ET.iRS. 

1 

^S^L. 

.fttr. 

vSl 

H.M.8. 

^ 

Extremity  ot  the  wing  of  Pe- 

'        1 

gasua,  .4i^«nifi 

2 

0.  3.59 

S.08 

14.11  N 

+26.1    . 

In  the  head  of  the  Phenix 

X.3 

0.17.22 

£.99 

43.18  S 

-aoj  1 

Brijtht  Star  in  the  twl  of  the 

Whale 

Z.3 

0.*».S2 

S.O0 

18.58  8. 

— 1B.» 

Polar  Star,    tail  of  the   Little 

Bear 

Z.3 

0.57.  1 

14.26 

68.21  N. 

+19.4    , 

In  the  girdle  of  Andromeda 

2 

0.S9.40 

3.80 

34.40  N. 

+19.1 : 

The  spring  of  the  River  Erida, 

A^rJr 

1 

1.31.  0 

2.S5 

58.  9  S 

— W.S 

Almach  in  Uif  foot  of  Andro- 

medit 

3 

1.52.53 

3.62 

41.28  N. 

+  17.7    . 

•The  followinghom  of  thf  Ram, 

-ARiETIS 

i 

1.57.  3 

3.35 

2-2.36  N 

+  17.4    i 

In  the  neck  of  the  Whale 

s 

3.10.15 

3.02 

3.4b  S 

-17.0    ■ 

Inthejawof  theWhali'. 

2 

3.52.52 

3.12 

3.X3N 

+14  J 

bithelieadof  Medusii,  Al^t 

S 

S.56.2S 

3.B5 

40.1 5 N 

+  H.I 

The  brichl  Star  in  Perseus 

i 

3.11.31 

4.50 

49.13N 

+  18.1 

The  bright  Star  of  the  Pleiades, 

or  Seven  Stars 

s 

S.S0.47 

3.54 

23.33  N. 

+  I1.I 

'The  southern  eye  of  the  Bull, 

Aldbbaean 

1 

4.35.38 

8.43 

IB.   iJ$. 

+  M 

In  the  left  shoulder  of  Aurin, 

Captlla 
The  bright  foot  of  Orion.  Rigel 
The  northern  horn  of  the  Bull 

1 

5.  3.24 

4.41 

45.48  N. 

+  U 

5.  5.  S3 

2.88 

8.SE>  S 

—  4.9 

« 

5.14.55 

3.78 

ae.27N 

+  SJ 

The  western  shoulder  of  Orion 

i 

5.15.29 

3.21 

B.llN 

+  4J 

( 

2 

S.23.49 

S.OB 

0.S7S 

—  U 

In  the  belt  of  Orion                    i 

£ 

5.27.  4 

9.03 

1.19  S 

—  M 

I 

S 

5.31.41 

3.02 

2.  SS 

—  M 

Bright  Star  in  the  Dove 

« 

5.33.  » 

2.17 

31.10  S 

—  M 

The  eastern  shoulder  of  Orion 

1 

5.45.26 

3.25 

7.22  N 

+  1.4    ■ 

In  the  foot  of  the  Great  Dog 

3.S 

B.14.46 

2.64 

17.52  S 

+  1.1    1 

In  the  poop  of  the  ship  Ai^ 

Cmopiu 

1 

B.  19.57 

1.33 

52.3(1  S 

+  l.T     ' 

In  the  ankle  of  PoUux 

S.3 

6.27.19 

3.48 

lfl.S5N 

Zu     I 

In  the   mouth  of  the  Greater 

Dog,  Siriut 

1 

B.87.13 

2.64 

16.29  S 

+  4.4 

In  the  thigh  of  the  Greater  Dog 

2.3 

6.5 1.31 

£.35 

28.44  S 

+  4.4     • 

In  the  bade  of  the  Greater  Dog 

2.3 

7.  I.  3 

2.44 

28.   7S 

+  5J 

la  the  tail  of  the  Greater  Dog 

2 

7.16.59 

2.38 

28.57  S 

+  6.5 

In  the  head  of  the  northern 

Twin,  Cattor 

1.2 

7.23.  6 

3.85 

32.1BN. 

—  7.1 

TABLE  Vni. 

81, 

RigM  AMer»ions  and  TVclinalions  of  .omr  of  Htc  prtncipsl  fn*.1  SI 

r:^,  idtinled  (a  the  'jc-j 

Einniog  of  the  joor  IBill,  with  tlieir  annuil  lariatioDB.                            I 

Ata»M«-«(i«(«i>«o/**'  sr^iis 

1 

iiSL 

viiToSi. 

H.  M.  S 

O    ' 

rhr  Lewr  Doe  Proeijon 

i.e 

7^9.52 

3.15 

5.41  N 

—  8.5 

•   In   the    head   of  the  Bouthero 

Twin.  PoLLCX 

7.3-1.17 

3.60 

2a.i7N 

~ 

[□  the   row    lock    uf  the    ship 

Argo 

7.57.18 

8.18 

39.30  S 

+  9.7 

Id  the  poop  of  the  ship  Argo 

8,  4.   I 

1.88 

46.48  S 

+  10.3 
+  12.9 

Id  the  middle  of  the  ship  Argo 

8.3 

8.38.« 

i.es 

54.  SS 

In  the  o*re  of  Ihp  ship  Argo 

!.3 

3.11.13 

0.75 

S8.5S  S. 

+  14.9 

The  heHrt  of  the  femttle  Hj-dra, 

Alphard 

8.18.41 

2.95 

7..^3  S. 

+  15Jt 

*  The  Liiin'H  heart  Reani-L's 

e.58.48 

3.21 

12.51  N 

— 17.S 

South  pointer  in  the   aq.   of  the 

Great  Bear 

10.50.54 

3.71 

57.21  N 

—10.1 

North  pointer  in  the  sq.  of  iJie 

Ureal  Bear 

1.2 

10.52.33 

3.83 

6J.13N. 

-18.5 

The  Lion's  tail— ftnttoia 

Ti 

11.39.58 

3,07 

15.35  N 

—20.0 

S.   E.    Star   of  D    of  the  Great 

Bear 

11.44.18 

3.i0 

5(.4iN 

—90.0 

N-  E.  Star  of  Q    of  the  Great 

Bear 

12.  e.«7 

3.02 

5G.  2N 

-20.1 

Id  the  foot  of  the  Cross 

li.lG.4) 

3.44 

6t.  6  S. 

+  U.0 

la  the  top  of  the  Cross 

U.3l.ia 

3.2 1 

56.  6  S. 

+C0.O 

tn    the    following    arm    of  the 

Cro« 

ia..'i7.l8 

3.4! 

58.41  S. 

+  19.S 

AHotk,  first  atarin  the  tail  of  the 

Great  Bear 

1.3 

1S.46.  B 

».7S 

06.56  N 

—19.7 

*  The  rireio's  «pik.--Spic* 
nt  aerond  Star  in  the  tail  of  the 

19.15.43 

3.14 

10.13  S. 

+  19  0 

Great  Bear 

3.3 

13.!  8.39 

2.43 

55.5S  N 

-19.0 

lASt  Star  in  the  tail  of  the  Great 

Bear 

£ 

13.40.28 

2.38 

50.13  N, 

-18.2 

nieirestem  foot  of  tlie  Centaur 

« 

13.51.14 

4.10 

59.30  S 

+  17.8 

In  the  tail  of  the  Dragon 

2.9 

13.59.31 

1.63 

85.14  N 

—17.4 

nie  bright  Star  in  Bootes— Jre- 

hirw 

1 

14.  7.26 

a.73 

20.  BN. 

— IB.O 

The  eastern  foot  of  the  Centaur 

1 

14.4B.  0 

4.44 

SO.  7  S. 

-16.1 

rhe  southern  scale  of  the  Ba- 

lance 

ts 

14.40.56 

3.29 

15.17  S 

+  15.2 

tance 

t.9 

15.  7.ao 

3.22 
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1C.1B.23 
17.  0.  3 
17.  6-27 
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14.36  N 
liAi  N 
51.91  N 
34.28  S 

—11.7 

+  10.5 
+   8.8 
+   5.3 

—  4.5 
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28.  6  N 
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+  IM 
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+  10  J 
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+W.0 
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Note.— If  tlie  places  of  these  stars  are  wanted  for  any  time  before  the  b* 

the  number  of  years  before  1280,   and  subtract  tbe  product  from  the  ri^ 
ascension   standini;   in   the   table;  but    the   product   of  the  annua]   variatiM 
in  declination  by  the  number  of  years  befon!  1820  must  be  added  to,  or  rab 

multiplied  by  the  number  of  year«  after  IBIO  must  be  added  to  the  right  MWW 
lion  in  the  Table,  and  the  annual  variation  in  decliuaUon  multiplied  by  the  am 
berof  years  encr  I8i0  must  be  either  added  to,  or  subtracted  from  tbedtcfi 
nation,  accordin);  to  the  signs  in  the  Table- — The  annual  variation  is  set  dowi 
for  seconds  and  decimals  of  a  second.     An  asterisk   is  prefixed  to  the  stui 
whoae  distonces  from  the  moon  are  given  in  the  Nautical  Almanac     Wha 
very  great  accuracy  is  required,  the  corrections  found  in  Tables  XLIL  u 
XUII-  for  iihiTMlion  and  nutation,  are  to  be  applied  to  the  numbers  deduM 

cd  Almanac  for  il  of  the  bright  stars  of  Ibis  catalogue  for  every  ten  dajl  ll 
the  year,  and  these  value.*  are  always  to  be  preferred. 
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9 

07 
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15.10 
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3.34 
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970 

15*5 
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9 

35 
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SI 
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9 

3.97 

60 
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10 

65 

10 

67 
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16.79 

1900 
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11 

4!39 

70 

07 

4» 

17.11 
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59 

IS 

4.53 

75 

II 

46 

450 

17.43 

2100 

60 

13 

4.77 
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g: 

1* 

*-s.-. 
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1! 
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IS. 06 

2300 

11 

460 

18.37 

2W0 

64 

IG 

o'.29 

95 

11 

89 
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28.68 
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66 
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6.45 

100 

13 

4B0 

IB. 98 
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67 

IS 

S.61 

13 

56 
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29.29 
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68 
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13 
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19 

520 

30.17 

2900 

6.06 
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31.31 
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73 

23 
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OS 
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37 
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6.61 
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6.S7 

150 

16 

10 

660 

33 -y9 

J600 

79 

IS 
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7.60 

sio 

19 

17 

7B0 

36  95 

4100 

85 

9t 

7.71 

ISO 

19 

Ti~ 

800 

S7.41 

4300 

86 

35 

7.E3 

S30 

CO 

06 

BIO 

37.88 

4400 

87 

36 

7.94 

140 

IV 

S40 

33.34 

4500 

Be 

3T 

8.06 

MO 

10 

91 

BGO 

38.80 

4600 

3« 

!60 

11 

33 

SSO 

39.15 

4700 

90 

39 

e'.i6 

170 

11 

74 

900 

39.69 

4800 

91 

40 

S.37 

180 

a 

14 

910 

40- IS 

4900 

91 

41 

8.17 

190 

M 

E3 

910 

40.56 

6000 

93 

4t 

8.67 

300 

n 

91 

960 

40-99 

ImiU. 

96 

*s 

a.fis 

910 

SI 

19 

980 

41 .4S 

86                                                  TABLE  XI. 
leek  the  nearest  number  to  the  reduced  lime  in  the  tap  coiuoui, 

former  and  o[iiiOBile  the  lalter,  is  llip  correction  to  be  appJied 

and  the  differenci;  of  pud 
lie  side  coloron  ;  nnikr  Ik 
0  the  number,  marked  in 

•" 

1 

«rt>.CE»T.«.                                                                                               M 

04 

' 

li 

S 

li  'h 

3* 

4 

M 

^ 

64 

*i 

7 

74 

»i 

9 

34 

f. 

104 

114 

h 

IS* 

.^3 

h 
13i 

I'i 

h 
I4i 

h 

h 

ifl4 

b 

h 
16* 

h 

h 

h 
ISi 

194 

20 

i 

11* 

22 

224 

h 
23 

«»4 

h 

24 

t 

* 

0 
0 
0 
0 

0 

) 
0 

a 

0 

0 

1 

0 

1 

1 

0 
0 

0 
0 

1 

0 

I 

S 

0 

0 

1 
I 
1 

2 

4 

1 
4 

1 
i 

1 
! 
3 
4 
6 

1 

4 
i 

6 

1! 
9 
I0< 

0 

! 

1 
1 
1 

i 

1 
1 

I 

I 

E 
t 

9 

s 

t 

3 

3 

3 
4 

* 

3 

4 
4 

s 

1 
4 
5 

G 

4 
7 

6 
6 
6 

r 

i 
I 

6 
9 

t 
1 
1 
i 

M 

11 
11 

1 
1 
1 

s 

s 

i 
s 

s 

3 

3 

3 
3 

fl 

4 

4 

i 

6 
t. 

3 

10 

9 
9 

Id 

9 

ii 
IS 

10 

la 

13 

11 

It 
14 
It 

IS 

n 

IB 
19 

SO 

i 

2 

2 

s 

2 

2 

s 

3 
S 

s 

3 

4 
4 
4 
4 

4 

T 

9 
ID 

10 

i 

1 

^ 

! 
10 
10 

11 
II 

11 

la 

13 
13 
13 

6 

7 

7 

3 
0 

11 

1! 
13 
14 
14 
15 

II 
12 

14 

13 
13 
14 

16 

1^ 
1* 

is 

lA 
16 
16 

n 

17 
11 

I» 

10 

as 

14 

i 
! 
! 
! 

3 
3 
3 
3 

4 

4 
5 

1 

5 
5 

6 
6 
6 

8 

9 
S 

>1 

l< 

r 

i: 
1' 

if 

IS 

16 

n 

13 

17 

19 

SO 

V, 

19 
20 
il 

10 
21 

19 

«l 

SI 
21 
23 

23 
14 

to' 
21 
1) 

2- 
SE 
S9 
30 

i 
i 

i 

S 

4 

4 

t 
i 
5 

s 

G 

7 

IG 
17 
17 

la 
J9 

2] 

£3 
S3 

11 

11 

13 
13 
14 
IG 

il 
23 
24 
25 
26 
96 

Kl 

2! 

24 
26 

25 
26 
27 

as 

2^ 
26 

17 

23 
24 

14 
25 
26 
27 
18 
29 
30 
31 

24 

26 
16 
17 

27 

SC 

SI 

26 

SB 

n 

IS 

» 
so 

M 
SI 
IS 

u 

« 
M 

aOi 

31 

a 
M 

3- 
33 
34 
3S 

3 
i 
■i 
i 

4 

4 

1 

S 

a 
r, 

■? 

7 

7 

I 

!0 

lU 
20 

11 

22 

86 
S 

3< 
40 

3 
i 
3 
3 

4 

6 

C 

G 
G 
S 

7 

s 

9 
9 
10 

10 
IS 

la 

15 
16 

If 

n 

u 

21 

22 

23 

13 

23 
24 
14 

16 

24 
26 
25 
26 
17 

IS 

27 

1! 

27 
28 
28 
29 

IS 
IS 

30 
31 

31 

1 

31 
SI 

33 
S4 
36 

i 

S7JW 

X 

4* 

43 
44 

46 

i 

a 

3 

* 

i 
1 

7 

10 

11 
11 

13 
13 

I4|ia 

1416 

I6.U 
IfiiT 

!0 
21 

■J 

S2I 

w 

13 

U 

K 

17 

n 
ts 

P7 

ts 

19 
19 
30 

» 

30 
31 
St 

31 
31 
3t 

34 

32 
33 
34 
39 
36 

M 
Sfi 
36 

S7 

57 
sa 
sa 

39 

38  39 

SSM 

39  41 
WU 
14143 

44 
4» 

■ 

1 

1 

1 

1 

^^^H 

H^H 

■ 

^H^^^^^^^l 

^ 

f       Tables  Jtii 

XI  u,  xrv,  XV,  A 

ND    XVI.                                Sf 

1 

(Ul     1  DC  rUfraclion  of  Uiei 

Tu«  xm. 

T*.L.  XIV-            , 

iniUj  BodiH  m  Allilurfe- 

Denrauion  or  Dip  of  the 

Tbo  Sun'.  Pa«il«  ID     1 

1 

jlJ      App.  In.i-  .App 

RcC 

Aii,  r' 

-All 

Dipoflhe 
Horiton. 

Son's  Alt- 

Suo'. 
Pm»II.i-     1 

hT 

D  M  M  S 

"d"' 

mTs: 

J3.  0 
tl.ll 

« 

1,38 
1.35 

Feet. 

H.S. 

D. 

^     L 

1 

0-59 

0 

—J — 

11  » 

6.407.3 

31 

1.31 

1.14 

10 

n.sfi 

7     OT.t 

33 

1.18 

9 

1.4! 

«0 

t9.&0 

7-101.18 

34 

1.14 

* 

1.58 

» 

E9.  6 

7,107.  3 

36 

S.lf 

40 

ES.tS 

7-3016.54 

36 

liis 

• 

1.16 

60 

n.41 

l-40'6.tG 
7.40,6.3b 

J7 

1.16 

7 

S.S6 

66 

^^^H 

38 

1-19 

t 

1-47 

GO 
66 
70 
73 

16.50 

g.  0.6.30 

39 

1. 10 

) 

10 

1.S7 
3.  7 

~ 

8. 10,6. IS 

40 

1.  8 

41 

1.  S 

II 

3.16 

M.» 

8.30.S.   8 

41 

I.  3 

If 

3,19 

80 

».M 

a.4o:6. 

I.    1 

19 

3.33 

85 

WW 

u.ie 
11. f 

a.M 

9.  0 
9.10 
9. so 
9. so 
9,40 

S.5, 

44 
46 
46 

47 

9.69 
).57 
).55 
S.63 

14 
IB 
IS 
17 

3-41 

90                « 

9.49 
3.66 
4.  ) 

Till*  XV. 

w'.M 

u 

49 

oiso 

19 
10 

4!  17 
4.U 

"-'"l«-!~— » 

W.I8 

19.51 

9-SO 
10-  0 

S 

51 

(».4S 

0.46 

D.               8. 

11 

4.31 

0                0 

I9.ts 

10.16 

15.8 

61 

0.45 

M 

4.37 

S                  1 

lfi.99 

10,305.  0 

63 

0.43 

13 

4.49 

10                9 

I8.U 

10, 464. M 

0.41 

£4 

«.49 

16                  4 

I8.U 

11.   04.47 

66 

0-40 

16 

t.  1 

10            e 

n.u 

11.164,41 

56 

0-38 

IS 

6.13 

16               7 

17. t6 

11.304  M 

67 

0-37 

6. 13 

30            a 

r7  « 

16-U 

ll.494,S9 
U.  04,231 

58 
59 

0.36 
0.34 

35 

6.49 
6-14 
6-36 

35            9 

1 

40                 10 
46                II 
60                11 

16.13 
[6.   4 

li.SO'rl.ifi 

61 

o"3r 

0,3! 

50 

6.68 

\S.*6 

61 

0-3O 

60 

7-37 

AS                13 

B.JT 

63 

0.19 

S.14 

•0                14 

6.  9 

64 

0.18 

80 

e.48 

70              16 

4.61 

65 

0-17 

90 

9.10 

80        1      IS 

14.93 
4.19 

15  [sols!!: 

66 
67 

0-16 
0-14 

100 

9.61 

90        1      16 

^ 

14.  S 

68 

0.13 

IXMIM  XVI.     Kp  of  Ih 

t  Sr.  at  dUTeroot  DtftaneeJ 

1 

3.48 

69 

0-W 

ffomil 

e  Obwrver. 

1 

1 

1  19 

-  39 

isisojsji 

n.  oj3.  a 

n.30[t.5^ 
18,  0,2.54 
13,302-49 

19-  o;2.4* 

70 
71 

73 
74 
75 
76 

0,11 
0.!0 
0.19 
0.17 
0.16 
0.15 
0.14 

W 

Beigbloflhe 

Eye  above  the  Se.  Id  I'MlJ 

5  1   to  ,  16 

10 

15 

30 

36)40       1 

m 

Dip-pP 

Dip. 

Dip 

Dip_ 

Dip 

Dip. 

Dip. 

M.  pM^ 

"ST 

"ST 

M 

M 

M. 

M- 

! 

11 

13 

34 

"45" 

67 

68 

79 

91 

l9  3O:4*0 

n 

0.T3 

13 

M 

34 

40 

■1  47 

SO-  o;s.36 

78 

O.lt 

11 

16 

19 

13 

17 

30 

■1  SB 

iojoli^ 

79 

O.lt 

II 

15 

17 

10 

S3 

] 

u.io 

11-  0,2.18 

O-IO 

■J 

10      It 

-lA 

9.6S 

11.3011,14 

81 

p.  9 

a 

11 

9.57 

«-  Ojl-K^ 

81 

9.11 

13.0 

M4 

83 
84 
85 

1."  7 

H 

6 

9 

1 

B.39I16.  0 

t!  1 

l[  S 

3 

~ 

6 

8 

" 

1.66 

86 

a.  4 

a* 

6 

6 

7 

e.S717.  0 
8.15l2«.   0 

.31 

,47 

87 
SS 

S:J 

4 

6 

4 

4 

7 
6 

B    .3|W.  0I1.43 

89   0,   li 

6 

"-1 

*~T 

"Tl 

5 

~~6 

6 

«  T.nu.  XVi 

.—tlie  ixin 

ben  <,{  tim  t^ble  b<W 

.  the  bUck  lin^  ue  M 

ve  ?iv«  in  r»hie  xur. 

he  v»ibk  boriKHi,  corr 

mjMjJIUant  asjbp  tuid. 

i 

k 

TABLE  XVIIL 


||0.Mm. 


■   I  .iQ^P'Cur  iQ^llCnr  '©^PJCor 

- '  Los,    -^i'-  _!!  I'ff- 1  jllL  _  ^-  ^  1_1  '-"f  ■ 

~  !  I»_M  M^ '  U  MM  S DJil  M_8 

~  ti  13.  ablJIA  ]  jU'l  3G^  M.M  l.TUM 


TABLE  XIX. 

COBItECTIOK. 


92 

TABLE  \IX, 

coiU<K.:r.ON. 

r^                                |t           Add.  ■ 

1?^ 

Add. 

DM!  M'    1  55-    ;  S6'    1  S7'     SR'    «H 

60- 1  Gl' 

s:w 

PI" 

X 

*: 

5- 

w 

rW 

9^ 

PI 

iso.ii..iB:io.osi  H.syls.s'Ja.  UT.  ') 

iO.ll.SOlin.ai'  O.Sl  8.4H7.33B.53 

059^8  51 

^» 

S|63 

silsT 

50 

10  49 

4B47I46 

4J 

44 

43 

41141 

40 

«).11.44'10.44i  ■'.WK.4.W.tIJH.4C 

.■..47J1.47 

20{39 

38  3^ 

36 

3S 

J4|33 

3S3I 

30 

B    011.37  1(1.38    g-3HB.JHl-liti;.*l 
1011. 31. II). 32    9.S2!8.33l7.3JK  .'H 

3019 

ISl 

16 

15 

S^ia 

IS^ll 

to 

:,'.3I,*'.AA 

4013 

18  1 

16 

15jl4|l3 

ia|ii 

JOII.2i,IO.SC|  9.1518.27^7.281;. SB 

.i.Sa  1.30 

M    9-  8i 

6 

si  4 

3 

11  1 

om 

i 

TABLR  XIX.      ...,«.«.™.. 

lkC. 

^i                        Appareal  .Ulilurlr  of  ) 'a  centre. 

Cor  for  Seconds 
of  Pamllu.        ' 

i| 

AUd.             1 

Mi^ 

T  39)7  49 

7  45 

7  48 

T^ 

7  S4J1  57 

a    f--:    3  a    1 

8     'J 

1  12 

S. 

Cor. 

s( 

0  ng  1^1787 
10  met  7 

"7!'3 

=780 

Sf?7 

277V"T7(I 

-7661176"  "7^ 

—16 

2753 

0 

13 

S763 

176S 

I7SB,r65 

ITfil  1747127441 

"74 

rzsa 

12 

ltl"7b           7 

'7  i 

lIoOi 

1747 

S743J73J 

"7361  J   17-9 

n's 

10 

i    i7-l5,i7l 

■nsi 

-734 

-7sl!i      7      1       7        ^ 

9 

10  !1   02726 

*1I9 

■716                                                       If 

1693 

4 

7 

M  "  ii  7 

21 

*■». 

70 

1678 

5 

G 

is 

0a7J(Is696 

iGbn                                          b 

1  63 

Ifl    61    «6«l 

b74 

!tt7                                                          1 

^48 

7 

ao  2670|iM.t>6 

Gi 

i6j6                                                    hJf 

1633 

8 

1 

30«.o 

;£b   1 

!^7 

1644 

he 

6  1 

•6  8 

9 

0 

56 

5<  tb-h 

G37 
26 

it.» 

lb  71  6  ■! 
IB  2    601 

36  Glib  IS 

6  9 
-  S 

"606 

1603 

IMS 

S. 

Cor" 

- 

O't. 

!607 

h03 

74 

0 

13 

W96 

ioii  8* 

i37 

74, 

1 

JOlSfT 

■63 

3 

2 

|  — 

6 

3 

ko                             i456 

i43 

44^    H    "U  (244 

1 
*4      111     i4  6 

9 

' 

>U 

l-k 

440|U4« 

2WI 

S41B 

M^a 

3. 

Car. 

»S 

~0 

!-l3M    434- 

1431  um 

8415 

i«" 

^  K 

M  5 

141 

!4Oa2405l''40i 

0 

10 

S4-4 -l-O 

•116  Mn 

•410 

•40' 

U04 

1401 

M97 

13W 

1391 1388 

IS 

Wl 

"» 

*390 

OBI 

I3B3 

1380 

1377  1374 

10 

[30 

t37G 

1373 

1J69 

1366 

1363  1360 

9 

MM 

1369 

1336 

236J 

13501347 

7 

_^ 

— 

543 

134. 

Z341I 

!339S336ll333 

G 

6 
5 

UM 

13M. 

WSIMU^IJIJ 

230: 

J3IT 
IXH 

23U 

13112308^1305 

8 

3 

^ 

"9^ 
2 
_265 

1190 

i-nc 

ilh3 

••87 
2160 

l-84ll!a  l«78 

^ 

' 

M70 

M57 

1267  1164 
2S54  £161 

M 

3. 

"cSF — 

SO 

Ii 

rr 

«4J 

ii. 

2240  2237 

0 

13 

ID 

!2aa 

214. 

aji 

!I3& 

JJ 

2  7  22"! 

1 

ao 

11241 

241) 

2          '14 

131 

2S18 

2!ai 

•  S" 

■119 

ts  e 

!     3-2 

10 

30 

S  3 

I      -1 

1118 

2"  5 

iii- 

2*09 

2106 

1103 

SlOO 

9 

JIT 

ipoa 

•105 

110 

tii 

•19^ 

*19S 

t18J 

1186  21   3 

8 

60 

"ao4 

2     7S  94 

219 

iibB 

•l8o 

-18' 

••179 

1176 

1173    17 

6 

fcl 

0 

1     0 

21 84-11  SI 

inj 

1171 

$63 

Ilea 

sleS^r 

10 

!l,7 

;i74 

1171  siea 

ties 

Sl«l 

1I5B 

115S 

!151 

si4y 

114.  i\■^■l 

4 

.«) 

;i64 

SlSTJSIj* 

IISI 

1148 

1141 

1133 

1136 

11331130 

i 

'     j30 

imt  JU7 

a  14412141 

113B 

11 3S 

iisi 

1IS9 

!11« 

IIU 

11101117 

^ 

' 

TABLE  XIX. 

-93| 

COBBKCTION. 

1 

■"^  "                >'s  Horaonlal  Parallai. 

T.BLT  A. 

itT^.a 

""■^'■s'asi'"'"^  IM  1 

4-^1 

Ail>l. 

Add. 

rm 

W    lay    136' 

aT  iJSa' 

sy 

tW 

^ 

S 

0" 

"n 

3^-'^\6^ 

7-18" 

9^    M.S^I     1 

^:t-io 

ll.:ij|l(i,W|9.i« 

«-t-VT.3A 

nlS 

J. 37 

4.37 

D  SB  a7]56j 

iHUwU^so 

49 

4 

'    |:oai.'j7iin.2Ria.sa 

;i.iU7.30 

i:.3o 

S.31 

i.sa 

9  48  47  46  16|44|4^41|11|4( 

39 

;3n:M.i2;K].3iU.23 

e.sili.iM 

G.W 

S.2j 

4.-n 

0  3B37  36 

35 

34  3331 

siax 

39 

]40llI.lK|l(t.l7jy.lH 

«   1BI7.I9 

E.20 

s.aff 

»!8  27WS6 

am 

Ts 

IftOll    11jl0.li9.l3 

fi.lfi 

a.iaji.iG 

< 

DIM  17  16 

s 

1* 

4^13 

lUU 

10 

■ 

1 

[^  91  ai  7 

6 

H  3 

0 

TABLt:   \\\.     LOBABITBHS, 

1 1 

" 

"1 IBLE  C. 

II 

Apiwreut  Allilude  of  >'9  centre. 

Cor.  fop  Seconds 
ofPonillu. 

-^i 

Add. 



5t   « 

.      ,,.       .,.       ,[=      ,j.      ,|0      ,p      .^      , 

8  l.if!  !Sa  11  :i  Mia  OR  MH  33|B  36 

BSE. 

i7ji 

iT-r 

B  4ir 

l^ 

s. 

Cor. 

J74:i-JT('iJ7l-i^7*(.l?7iJrTfl*a73llt7Sa 

ma 

rm 

13 

110 

S73J27J1  :i:;<  ii:..  r,i'jn\:>  r.ir,h^n 

nio 

27'i7 

no4 

hi}] 

11 

Sii 

269S 

2639 

1686 

a 

10 

30 

jfiao 

Jli7" 

1674 

1S71 

3 

10 
50 

afifi-i, 

2Cli\. 

1659 
2614 

16M 
1641 

4 
5 

7 
6 

::::■•. «.c 

'■fir 

6 

7 

4 

io;;iiJy.;:B:ti'jfi-;!.>;.ij::i;iTj;u  .  ■           .'znito 

1597 

3o,iCUJi;i-'-Wi:6i'i;:;(i(-jk ■,:.&•, 

0 

wisooixn  :;>•-' I  ::m  -.-.■.syzr.:-^  -■  ■           .  -■■  -  -.  yn>,'^:£it 

60 MBfi ;.-,>;:  ■-■:■  j.-,w.^;,73|i-,7o.-,GTl:,-.^ i|j.-.; J  j.w 

2551; '2553 

t*. 

Cop. 

56    l-e57l;:.-*;J.-,N,,,j,,r-,.  :j,-,aMoj(i:25jjti5.i.„;.Tn  J.iW 

i54l!M39 

0 

13 

lO!6a6,r)M;jj:.'ili.ii7 

20-27l2ft24 

1 

li 

2.jia|j.ilO 

10 

30  1327  2S2i 

2498 

1496 

dj»7lj:iMi 

>■,'■;  ii' "■-"■:  ■'■"  '.-"(■- 

2134 

Mat 

7 

Mil!-Jik.. 

5:i93;.;-iyii 

iij'Ji   ,    .   ■          ....     :.ii69 

1467 

5 

f. 

s^  0Ji8*|:43i 

jisr 

1(1217(1  :i.77 

31C4  Ji';i 

1439 

:o  -Jwfi.a-io; 

j.l-UTni  .■],.,      .1      .-MYU-n 

1415 

3o:+i;]ji.i'. 

llAUH:-.   ■-.■,           .    1     ■:iMS.ii3 

2411 

2397 

asH-i 

^"'iii^llIl'iHi"" 

s. 

Cor. 

".Sit:^"  ^ '."   --        '■::. 

^■n7:.iii':;:i7l 

2369 

n 

1.1 

iJ6j 

2365 

lO'iMi  : 

'_:.),''■  ;.:;;,^ 

iM9 

oat 

iM6 

J-.J2 

tU3, 

MI* 

a.111 
i3i7 

3 

'u 

2at} 

2.ilK 

Ulfr 

1313 

4 

7  1 

.■uiji; w. ■_',(,■;, 2.i--M  J.;' |.'n:'-J'ii  '.^MJiTOg 

wn 

t»4 

WO* 

j.-mo 

C 

lay  u'-/.,ii,|j.ii,,]viM.,i,w7 

2m 

3*;,; 

;^:«  «ai 

MM 

tiso 

JJUl 
•-277 

W7fll 

isae 

6 

3 

3                  i 

2577 

2574 

2^7 1  iMv 

ass 

ue3 

II6I 

I2S9 

1                   1 

iiol 

iiSSiVib 

tui 

lUO 

»4a 

J2.15 

1    M}^i!'jvlvti^^^ 

il*7 

2231,2258 

ZI99 

22.1fi 

isai 

-a.i: 
J2in 

HJ6'32M 

S. 

Cor, 

U\  ~i>  727l::Tr'SJJii  jTSiiaiS 

titoaniji^ 

2ilB 

fan 

w^-. 

0 

yj           \ 

;     il";:^!  JJI  ■:i:\..22\2-21a^ 

wmlJHMajoi 

2199 

(194 

1191 

jiyjiiiiWiJiBB 

1136 

ai.,3 

ti;ii 

.V;:\''i  r.    .V.I         '     .■Ji,i0il772l73 

ii7«, 

^169 

1167 

-u.:ivi.,               I-;  .iru:tu7.iiC4:;i6S 

tIM 

ii*6 

iiM 

■     ;...,:;..,  -■■...i...    j  ,■._■!  ,i;jii4!t5i  S!U9 

1146 

tI43 

till 

ll.i:;  ;' 

c 

1133 

3130 

1138 

5 
4 

1       H-j^lll  j(;«l  JIJjIldJil301l27mMHIM 

1119 

2116 

!1I4 

j^-;ii7ai:;->ii«|3ii9^ii7iii4iiiipK» 

il06 

3103 

1101 

1099  1;       i: 

1   !»> 

JlliJil. 

imsti 

061 

ftio* 

SI 

Dl 

M 

WiW 

96 

» 

93 

KW 

tOB8 

S0S6 

_._ 

■* 

' 

' 

B6                                                  TABLE  XI. 

leek  (be  nearesl  number  to  the  reduced  time  ia  the  lop  column,  uid  the  diffncnee  of  pwl 

2.' 

Rir,VO..>T.-..                                                                                                II 

0  i 
h 
IS* 

fa 

13 

b 

Jl 

1, 

3 

h 

b 

h 
1* 

b 

u 

b 
6 

s'. 

h 

7 

'4 

t 

li 

B4 

.'. 

,'J 

104 

b 

.t. 

12 

"i 

14 

1*4 

h 

J51 

\ 

164 

"h 

18 

h 

184 

ti 
19 

h 
194 

h 

!0 

fa 
104 

.^. 

h 

ai 

114 

ii^5. 

34 

1 
1 

0 

(1 

s 

0 

0 
0 
0 
0 

0 
0 

u 

0 

1 
1 

1 

\ 

1 
I 

I 

e 

a 

3 

i 

t 

3 

1 

2 
2 
3 

11 

ii 

1 

3 
4 

\ 

5 
3 

S 

I 
2 
3 
4 
6 

1 
3 

-1 
S 

6 

7 

e 

i( 
11 

19 
IS 
l« 
IS 

0 

0 

0 

; 

s 

3 

s 

I 

1 

3 

4 

4 

4 
4 

S 
B 

4 

4 

4 

4 

5 

6 
6 

7 

4 
6 
6 
6 

6 

6 
6 

7 

7 
8 

? 

E 
9 

1 

0 

* 

i 

2 

3 
3 

^3 

7 

7 

7 

s 

6 
7 

! 

7 

B 
9 
9 

l< 

8 
9 
10 

10 

11 

12 

9 
10 

li 

11 
12 
13 

II 
11 

w 
u 

11 
\i 

>4     1 

IS    : 

n 

18 
19 

so 

3 
3 
3 
3 

41 
4 
4 

9 

m 
11 

14 

15 

IS 
16 

16 

9 
10 

11 
12 

i: 

14 
H 
15 

16 

16 
17 
17 

9 
lio 

10 

11 
jT 

la 

13 

u 

1( 
10 
11 

12 

1' 
15 

JO 

11 
11 

11 
13 
13 

13 
14 

11 
It 

16 

1^ 
14. 
15 

16 

l^lli 

1616 

iriln 

17  13 
1GI9 

16    ; 

as 

24 

1 

t 
* 
4 

6 
G 

1 
It 

10 

W 

13 
14 
U 
16 

16 

16 

16 
17 

n 

16 
19 
10 

17 

IB 
19 
K 

19 

10 
it 

a 

13 

!0 
SI 
« 
iS 
M 

11  '  1 

-■*    '. 

S7 

ts 

30 

I 

4 

1 

S 

7 
7 

10 
16 

iT 

17 

IS 
IS 
19 

16J17 

niiB 

17119 

14 

19 
SO 

:i 
:i 

19 
20 

M 

11 

13 

14 

H 
12 

M 
14 
15 

13 
14 
14 

if, 
16 

14 
15 

te 

17 
17 

18 

a 

n 
*s 

M 

JO     1 

32 
33 
H 
U 

3 
3 
3 

3 
3 

5 
S 

9 

10 

I 

19 
10 

in 

is 

ao 

1! 
13 
13 

» 

13 

13 
U 

u 

U 

15 

M 
16 

15 
16 
17 

PI. 
117 
[tl 
18 

19 

is 

19 
30 
31 

19 
30 
SI 

n 

1! 

n 

33 
34 

31     1 

36 
37 
38 
39 
40 

i3 
46 

2 

2 

3 

3 
3 
3 

« 

E 
S 
G 
5 
7 

r 

7 
T 
7 
7 

9 
9 

10 
10 

10 
11 
11 

iF 

i: 

IS 

i: 

13 

? 

17 

IS 

IS 
IS 
19 
19 

!0| 

iO 
11 
HI 

a 

M 
11 

13 
13 

i 

15 

is 
16 

17 

16 

17 
13 
IS 

17 
»t 
IB 
19 
»0 

18 
19 
30 
31 
31 

SO 
31 
91 

M 
33 

33 
33 

34 

33 

M 

36 

36 

1 

^ 

31 

3) 
40 

UIG 

iVifi 
isin 
lan 

IIS 

10  ai 
30  ps 
21  laa 

£3 
13 

It 

!6'17 

Sells 

18 
19 

W 

M 
30 
31 
M 

31 
31 

34 

33 
34 

M 
36 

34 
35 

36 
37 
31 

37 
38 
33 
39 

38 
38 
39 
10 
41 

39 

41 

13 

4!i 

*i 

1 

■ 

■ 

■ 

■ 

■■ 

J 

I 

■ 

■ 

^H 

a 

1 

"^ 

^ 

I-aBles  Xii 

xni,  XIV,  XV,  A 

NO  XVI.            vr 

Tbs  Refine  tiouodJiF 

T..LE  xm. 

T*.Li  XJV.              1 

1  Bodi«  <a  Allilude. 

The  Sun's  PaitJUx  in 

Adp-  i„_,  .App. 

Bet 

Ahjtade.               1 

J 

tj 

At    "'■ 

.*iL 

Height  of 
(he  eye. 

Dip  of  the 
Horiion, 

Snn»  All, 

Sun'i 
PwiJUi. 

^ 

6.307  M 
6.4017.41 

D. 
»■ 
31 

L35 

0 

Feet 

M.S. 

D, 

S.            1 

1 

0.69 

0 

S.*0:7.3I 

M 

1.31 

S 

l.t4 

10 

7-  07. tl 

33 

I.IB 

3 

1.4! 

to 

id 

7.107,  la 

34 

I.S4 

4 

1.5B 

W.  6 

7,»)7.   S 

36 

5 

9.11 

ce 

7.30iS.M 

i-"Ib 

C 

l.tfi 

60 

f7 

41 

7406.4rt 

37 

1.16 

7 

t.36 

65 

«7 

7,50;6.38 

38 

I  13 

1,47 

S6 

!0 

B.  ole.atf 

39 

1,10 

t 

10 

1,57 
3.  7 

65 

70 
76 

^ 

£5 

4S 

8 -10  6. SI 

B. 10,6. IS 

40 
41 

1: 1 

15 

U 

3. 16 

M 

t9 

B.306.   e 

4a 

i.  3 

It 

3.15 

80 

W 

M 

8.406.    1 

43 

1.  1 

IS 

3,3S 

85 

es 

« 

8. BO 

5.55 

44 

i.S9 

).67 

14 

3,41 

90 

it 

47 

9.  0 

649 

4G 

Id 

),49 

Tt«u.  XV. 
Moon  9  Siimi-4iameter. 

11 

IS 
44 
lb 
46 

51 

9.10 
».30 

9.4n 

11 

5.Vi 
5.37 
6,31 

SI6 

46 
49 

0.55 
».53 
0.61 
9,60 
9.48 
0.46 

18 
17 

18 
IS 
10 

3.56 
4,  3 
4,11 
4,17 
4.14 

!0 

6. SO 
*.I5 

"Bo" 

61 

D.                 S. 

11 

4.31 

0 

r9 

U 

lO-IS 

&.   8 

61 

0.45 

M 

4.37 

6 

IB 

M 

10.306,  0 

53 

0.43 

U 

4,43 

10 

' 

IS 

U 

l0.4&'t.M 

54 

».41 

M 

^■49 

16 

*               , 

II.  04.47 

55 

IS 

6.  I 

10 

£         1 

n 

4(1 

II.1M.4I 

66 

)'3B 

18 

S.IS 

16 

B                ' 

i" 

16 

11.304.35 

67 

»-37 

30 

5.13 

30 

|n 

4 
«4 

11.454.19 
l».  04.23 

59 

9.36 
9.34 

36 
40 
45 

6.49 
6.14 
6.S6 

36 

E 

40 
45 

60 

ID 
II 
11 

IS 

4 

I9.t0l4.16 
t!.40|4.   9 

fl 

(.33 

u 

50 

6.S8 

D.30 

60 

7.37 

66 

13 

I3!t33!a7 

63 

0.S9 

70 

8,14 

10 

U 

13.4W3.al 

64 

a.!8 

BO 

8,48 

70                16 

14.  ffJ.46i 
14.10S.4rt 
14.40^3  .S^ 

65 

0,»7 

90 

910 

80         1       IS 

66 

67 

lo,!S 

a.s4 

100 

9.61 

90        1      16 

li.  9 

16.   0 

S.30 

68 

0.33 

Taiu  XVI.     Dip  of  til 

Se.  at  aifffreol  DiiUnCM 

16.50 

S,t3 

69 

9. St 

Wti 

e  Observer. 

16.  Oi 
16.30 

17.  0 
17.3< 

3.17 
3.11 
5.  6 
t.59 

t    SA. 

15" 
71 
7t 

9.tl 

9,10 
0.19 

Tir 

Helgbl  of  Ii>e 

V  ■bo'"'  t*"*  S^x  In  feel. 

Bta 

sT  10  ,  .5_ 

10 

15 

30 

35 

40 

B^ 

74 

B.17 
0  16 

5. 15 

W- 

Dip. 

Dip. 

w 

5^ 

EJE 

-^ 

Dip. 

Ek 

Ki'so'^'i^ 

S 

"mT 

mT 

M. 

M. 

H 

HT 

M. 

4 

13 

34 

45 

67 

68 

79 

91 

i 

6 

It 

13 

18 

34 

40 

46 

1 

S 

19 

13 

17 

30 

^,..   -. 

^L 

6 

It 

15 

17 

M_ 

!S 

.■  lu 

11 

~6- 

10 

"IT 

19 

Iwj^l   JOJ.i+j  6!    0,   9 

i! 

S 

10 

IS 

14 

16 

rrte.  tyi.vA  HI  0,  e 
llS.  oS.ii  85  0.  7 

s* 

4 

! 

11 

It 

n 

3 

_6_ 

7 

9 

10 

1«4,  O.t-  7    84    B.  6 
iSU-  Ot.  I    »    ).  G 

3 

"T 

3 

5 

6 

7 

8 

9 

ms.  01.46   8fi    9.  4 
»7[«7.  OI.SJ    B7    B.  3 
Bfta.  0  1.47    88    0.  1 

34 

s 

4 

6 

6 

6 
5 
a 

6 
6 
6 

7 
7 
6 

7 

7 

3|!9.   0I.43|  89  <«.    1 

6 

»        3" 

T 

"T 

5 

1    S 

6 

1  T.«(.«  XVL— TlH.  OKI 

Dben  ol   Hua  table  ~belo 

<  the  black  line*,  aM  tfael 

■e  eiv*.  in  Table  Xllt, 
whrdltliuituthf  land 

tbc  vbiWe  horiiDo,  corr 

-            ■       i 

y 

,.,rittl 

MM  8 


TABLL  XVII. 

WHEN  A  STAK  15  Vsr.O. 


SG.  S  1.348a 

56.  6|1«11 

„56.  81.3537 

40  56.  9|lJ56a 

13.46  ae  to:  1 .3587 

63  5B.l*!i637 

14.  0  66.15|l-3fl6t 

aS6.1BlJ687 

10|fi6.ni.gTr 

.1915735 


14.4S  sex 

fiOW-W 

10.  oWJO 

aSG.31 


eS  56.49  1.4133 , 
16.  0M.43I.4I14' 

^66^ 

18.1S  f^A6 
a)  WAT 

30  S6AB: 

36  K.fiO  1 .4363 

■to  jsa  J  1, 1.4384 

16^|«6.6S;I.44(U 
M)&e^l.44U 
55  KM  1.4445 

IT.  0  K.M|1  4466 
5iae.£6il.44fi6 
10  W.571.4.'"- 

n.lS66J!l|l.4i 
20  56.5911.4; 
S5  57.  0|l.tJ 
30  67.  )||.4J 
Sa&7.  S|l,4< 
4067.  3,l.j< 

n.4557.  4,l.4< 
S(C57.  4l.4t 
b/^bl.  5  l.4t 

iB,o!s7.  ei.*: 

lff5T.  BI.4' 
«>ii7._W1.4: 

i8jjol57.n:i.4) 

157,  r3 1.41 
J57.14l,4) 


'^\u,. 


0  MM 


IM^ 

3G.30|50.4SI.7^f 

10  57,171.4960  J7.  olSBAi  1.7fi68 

_-!"_  .(       _     -osa^neiB 

_    0  ae.47  I.TBGg 
30  58.4ei.7TI7 

__  ibB  vms 

S9J0'|S8J11-' 


.sii.fioe6 
STAB 


ao  in  .49 IA16  (9. 


„, 1J9T0      41  rtM  lJ64fi  W. 

10  56  Jl  IJBM      M  n^  IJ6T6|  U^ 

56.33  i^ifi  5~ii  rfH  ijnoBj  st 

—^'^    "  S7.47  I JT36  B3 


«5T551J»35J  SO. 


I.4t7» ,: 
1.43001 
1.431) 

i.4Mt  jexntea. 


ai.60»T 

().ei4? 
4i.es)i 

58.  61.""" 


_,  58,ioi.6*omii. 

40  WIS  1.6440!  R. 


).31 1.TOTH 
1.38  1.7140: 
),341.7S0ii 


'Co. 


il  1.7810 


SO'fiO-  01  .SIM 


ja.36t.MM 
69.S7I.M38 
59JB  1-M11 

59.4a  I.BSM 
59.43  1 J0TE 


M.4T  1.9600 
59.48  19(76 
B9.4SlJ«n 

50.51  1JTI4 


TABLE  XVIJL 


WHKS  THB  SI'.S  1! 


I'SED. 


i     aO   JlJO 

■  6.  0  .Ai.fc: 

1(1  il.i>j 

91   ^.  6 

30  air, 

jn  Man 

I'.'  .vJ,:t 

3>  OJ  ■; 

i     .*  y.ir. 

■  .«   3.1  ILr 

I    waaci 

:      4H   U.:j< 
I     SI  M.-^ 


.VI .« 

.W.%J 

.V..« 

.Vl.V' 

;    .13 

.VI.  3 

!      3fi 

.>l.  J 

Sfr. 

il.  7 

1      ■!.: 

.-.t  a 

.-rf  i 

8 

M.* 

l_i4^1JLtB 


1  II_M  H_S- 
"J  111.  U>t.M 
111'       SM.i.-i 

!<■  i;,*J.37 
11)'      aaiM : 

a^  U..W.  1 
ii)iU.I»U.  J 

:!  ::i^.  4. 

I:  -Jt-U.  ■! 

J  i-,X>.  7 

J  3i^:Ai. ;; : 

in  .>.t.j5.ni : 

'V  IUJiAia0.li  : 

■■  .R'^.iJ ; 
.     l:'M.ltl 

J-.AJ.l.'H 


Log    jAh.^'^jLuy. 


iJ(S  1J.V2M.  u 

..:.>7ii|     r>i  M.  J 

.J£(ll      MAIi.   I 


Lot'-  'j*|^ Log.  '  .111. 

rj.id:>t.i<M.aj'.>.;  It).  ti:>~-ivi  :.iw  .»MXM,i.riM 
\MK      jnjlvUIJHIS       ilU7.-.a'l.3i:t;.3T.  0,d:;.'il  l.7!M0 
1L1J<:.UI.-K16,      t!M57.?Ii|,^.><5:     ai^.^l.«US 
3UM.U,I.3KK       30U7JH^l.U«j!38.  OKLAtr.GtOO 

.i9W.iiil.aw     «u7JDlijew     da«;.uijim 

i.i-iiir    wM.r,  ijna'    afe7.ii:iAi*;  ap.  inii::,rutiaB 

iX47iM.i!'i.Ji;ii  X.  (UT.Js'i.inj  wjiij».o .u,:»t 

50M.^,1.3T77  lMaT.J4:l.MU)i  4a  liaH.^!'^l.'..dU7 
uw.2.>lijHnj'  snb7Ju,i.:>H4  »n&. 'iixssi 
.  ox.ixi:iii£i     aiib7jniM»  a.  osn:  i\i£ws 

i-jf.H.l.^liijJ       4U.i7JMI.Vil3'      jn.W   :iJHM 

1II..X.JHJ..-7M     3u|ii7-im.\:«i  4J.  ftai.  .^ra-MW 

[JBM'.^  IJMH';tl.  U|.-i7.4l  I..MV1  HMM.  4j1.l{M« 
-  Jii..;  I  JuSe       lOJ-liT  4i  I..WIII  4.1.  0  "X:  a,l.C393 

.v...»,i3B»ii  ayrwij-w  30.W.  f!i.u6W 
,'ii..j|  ij-r^'i.  .1(1157.44 1  .'•','a;  41.  nw.  T'ljjcyj 
.!•■.;« I.4UK  siKH.v.l.'ifi!!'  3uan.  allJtti- 
.-.>;,;.  Ijo^t  .'S(i'.^7.i71-'i7.\:  !■■>  OJO.  .-A^.v 
--iVOiLiOxi  J^  iilw.i;i..-.i..i..i^.    jiMl;i..i.:4«. 

..•..'■' I, Pi:;        |iiI.'>7  4:' I  ..SIi  47.     ."/MJ'l.WII 
Ti.li'il         " "      ■     "       -  — 


.  I.  I.i.  ii.''.,;';i.4.:..      .aib7.il,l..^.<-|  19     '^IVIiMjSiCI 

'.i.ii.'.Ji.i:>'^-  r:i.»''7  ii.  tU7..iKi.a!>7i:  -'d. 
..L'l '    .jo.^i.i.:  t.i:.:i      iu.i-;4>  lAjin  .U 

.'J:-I.)l     '.:^.>i  lI-ll^M       :3l^'i7.-i7  IMLhilAl. 


._.>■..*>  I.liiii        :lii;.rtJUlji07i'i'.«.  •W.lll.tUB* 

jAii     .'L^.v.K'  I  Ui*>     ■v\i^J^^.,■.llili^v•■  .w.AKi.vftu 

.■."\  'f5i3.>ny  i.iAM  ik  ri]:,s.  liuniu'Lvi.  .w.±«  i^siB 

.j«t:    io'.-i"i.si>l.twi     iim  ^ij:ii<I',w.  'spJOLmis 

.HC-.      .■v-i.v..-<ii.4J:.-j      .»..>!.  J|j;.':iVb.  UW.Sl  I.97SI 

.uiki  in  ii.-i>->.aji.4ini     .-»,.'«.  :tii;j.'4i'rii.  oeJ3i.naOT 

'       ."..irt;].)  1^427       in-;*!.  4,l.t!.'liitiJ.  .V.MIJI8U 

-      yii.  apJ5l.i«)l 

^il.  «t.«  I.WH6 

•-  W.ST'iJWt 

Ai-nUNU 

l3^i.liU^  •%  .WMUIOD 

1.'Hl.«(il )  ^.  ■iii.41  gJiat 

:Xil73 


■.a»l       '  ."..irt;].)  1^427       IH".*.  4,l.t!.'lii' 

..*(?.•     iiiji.,'Mi.444tf     Mm.  ai.fl.iOii;' 
T47^nij.^."''..ri5i.i.ni  i"..  4-«-  ML-'-aJi' 

.11 1:1 1  ,fl  .>;  .'*;  1.41:'.*       'MX.  K'AKM  ' 

...l.u!  i-,j';A7l.Wl.>      4lO.-l.IOi.il.IKI,' 

..|.,i  Mi.A:.j..  1  40.17  ^;.  O^KLll  ijUu  ' 

^|..;.|  A-,ji..ii'1.4J.V.i       ^l.'i:l.l»1.liU(>' 

.il.;7  4n..7.  OI.I.'H.l        40^M.I.-Ml.Wlii 

.i:.Lt'    .-A.i7.  ix.ifiiv     Mif..v»\\rr,ii 
..iJllil     M.-i7.  J1.4.-.KV      4(*Ki.l9'l.mi 
.l:.-!?!!?.  Ii3;.  4I.4IW7  38.  livi.2I'lj;.J4. 
..1.>7.M       .1^7.  .4i.4bJtt       •JlUllJJIlJi.171,171. 
JJ1k;.:_Iii  .■■7_ii  1.170B  _4C^;i  l.iJKJailM: 
-Uit'  n.t.-,a7.  61.17X1  &.' 
..IJJtl       iO'.-.7,  71.47.11 
Ma       ib-Ti.  el.477J3D. 

.Kftw    war.  nMTw 

.aJ77      .U'37.I0I^II  31. 
».t,4      4U57.1I  I.4B3& 


..ilU.  &'iST.14l.4«l6. 
JWl  IS.  037.1(1/4916. 
..(t7U        IDa'.l6i.4!la6:34. 

.fwi.    aoj7.iti'  •— "    ' 

37.19  1.S031I  39. 
i7.Sl  1 JOTS; 
:ft7.-Jil.SllliJ6. 


jaio  11 


■MJAtaVH 

xi.w2i>iet 
iai.7in«[30.   '60  tr».ot6i 


TABLE  XIX. 

COKRECTION. 


92 

TABLE  XIX. 

1 

cohrection.                                                       1 

WT 

T*Bi»A. 

T»b.Bl 

•  s 

J'^HoriiontalPunllu. 

ProportioTinl  pail  for  Second* 

of  PHndlUA, 

□fakJ 

Ad,<. 

Add. 

%~ 

M 

M'    1  ay    i  56-    1  BT 1  5S'     oW' 

W\  fil' 

a  w 

751 

'r 

4^ 

^ 

eT 

7^ 

9" 

mTb 

7 

soii.jB.io.ABi  v.69la.ag|ii.  ut    i 

■,  iL  1 

-o'S 

SB 

SftlM 

M 

S2 

51 

50- 

40.11. aoliO.ji'  !1.5l|B.Mr7.53G..'.J 

i.Ui.M 

10149 

4a 

♦d 

41 

*l 

40 

50,11. *HO..W(  !J.*aH.*.'il7-Mifi,H; 

-,  4714.47 

iolss 

38 

sia* 

32 

31 

30 

oir.37rn,a8!  9.3s1b,3h^7..hu.,-vii 

1011.31  10.321  9,52:a.33!7.3J«  :il 

J. 114. 41 

;toi9 

IB 

ts 

i4|i3)« 

ait» 

-,.35  4. 3  J 

4019 

It. 

14 

13 

12 

11 

10 

S0  11.!.'>10.m  9.Sfi;B.27".iJHi.'^(l 

S.a-I1.3l) 

so    *  Bl  7!  0 

3 

1    li  0 

TABLE  XIX.    i.<,oiR,T..«..                                                    11 

T.,BLt  C. 

11 

Cor  for  Secondi      1 
of  PhtbUu. 

Add.           1 

~i 

' 

4.   *4^ 

-lb       1                ^ 

i^i    1 = 

^ 

s. 

Cor. 

^^ 1 

CTO^     ■                -7 
,S75ol!7            7|S744 

13 

1 

17 

12 

10 

43^-7         M          n 

"7 

10 

37      34I 

87 

oa 

9 

40 

I- 

•7 

7 

P7*J04 

6 

i 

91 
6T7 

167 

4 
3 

0 

-                                                                - 

Cor. 

13 

!! 

10 

1 

9 

6 

4 

4S 

14     1 

U£ 

46 

I 

4C 

440 

443 

UA4 

440 

1            J4 

0 

36 

446)144 

43 

43 

13 

14 

Cor. 

4^ 

43      41 

US, 

"ir 

i 

w- 

«f      40 

400 

13 

4 

40T 

17 

94  W9 

12 

10 

30 

9 

60 

34 

7 
6 

A 

1 

TO 

3 

13 

U 

SW7 

MM 

a 

1S4J 

30 

«a 

■s 

t  00 

M7 

60 
50 

U  I 

It 

"7 

no 
tib    So* 

264 
26 

s. 

Cor. 

ii. 

"si 

"sT 

2 

^46 

24J      40 

t  M 

a.      i«  i4j 

!     J 

139I 

tE36i 

11 

30 

U 

Ij 

SO 

.  it 

ti      StM 

13 

Mb 

«ia 

-*^ 

"     1 

10 

« 

a 

S4. 

«1 

a 

'WW 

!0C 

«|ilOO 

8 

L*" 

U 

94| 

5 

it; 

~~" 

~63 

5 

10 

4 

/" 

4^ 

36 

JO 

4 

S 



44.         { 



se 

13 



I  .    „ 

ya  HorizantsI  Parallu. 


|Tab.Bt 

froitoniunal  pari  for  Secondi     PorH 
ofPanillai.  IK  M^ 


n 


A|i]>irent  Altitude  of  y's  centre. 


S9|b  4!  S  M  B  43 


!7ifir7i3mo37tn 

!70l  !698  169&  1691 

■M6  tea  1680  ten  un 

1671  sees  t666  i£6I 


;t;7i 

t6S6 


16*7 

:fi14M12 

:CI>0  M97 

iSSB3 


;i.«i|J127  2435 
J|]lii!4).^.J:411 

:;  iiii|a3<P9|»97 


iy.|JJ'Jltt89; 
:;iJliM6.il!6l 


la^JiSi  S3!9  i:i21 
'.H.:i»t3lh2nj 

n  iso*  uot  j.wn 


iiV'iJtButllBiii-i!. 

iiT7^i7sua;tii 


Ijl  :il;illJ;;il.i|il40.-il.»7aiM 

\:K2\.i.,',2\j2'HM\:Mri\iiuamtMS 
i2-.zii'-\:i]y'iiri\2tnkiiihimti06 
1  i.::inm'gio6!aitwbioil«>9a "      " 


SlOl  ;(I99  1, 


0     I  13 


iO  EAST  2aU2.-MI  ^34-1 1546  UWJS.'rll  hU3S  U3T  If 

«  3550  iMTteMp5W.3:inii,la3T|'J53filaB3tlag9|m6tt5iWMjlJ! 

n|l5l3  2iUSlilll  SiOB  J; 

74W't494  M 


:i  uis<.>iTtsutsii;jao9lj30ii:^ 


■B:+7fi|M74!471 


I9i49ell3j;210^.218Ul<l 
"  i482.2Miu'2mi-474  a^ 
I4Iii;{C4eE|t!li;j;3460*4 
i455|a45l  ■Jll:'2-UG8-1 
i4^ii*iW7.?437i'-432  Ta 


;:i6.l!2ltil". 
-■  :i.)l»,2U 


)l2U76,2073K07l'a06il£( 


■iteimcMiGo 


MTKSOTD  « 
205912057  2C 


TABLE  XIX. 

coiutecTiov. 


96                                          TABLE  XIX. 

CORREl  TIOK. 

_      .1 

Table  A 

rabj 

Proporlional  pari  (of  Seconds 

Form 

»f  alL 

|i 

Add. 



Add. 

D 

Tip  54' 

"W 

58' 

61' 

'3 

1-1 

a 

3' 

VY'W\ 

^  L 

10 

0.3 

'p.v 

■7-4 

B-4 

b.Vi\i.i. 

3.44 

M 

^db'i 

5150 

M\o'.: 

S9.3( 

i.y 

S.3 

5.41 

S.Jl 

'l0|48;t7;46 

45 

44  13|4S 

\\fo 

19 

1 

4010.3 

19.3 

3  5.3- 

■  i.i 

S.3I 

S.3 

3.39 

3 

»:i8,a7i36 

35 

34  33132 

i9 

\  \ 

IB. 3 

7.3 

li.3 

o.i 

3.36 

16 

IS 

423 

52  2110 

I  f 

11 

Olio.! 

3.5 

9J-3I 

6.3 

6-: 

!J.3 

3,34 

16 

IS    4ji3 

illllO 

I 

n.1 

6.5 

1.3 

3.. 11 

A 

41  31  21   1 

_o_ 

J_i 

— TABLE  XIX     ioo*».TH»..                                                1    i 

T*B 

n  C, 

y 

Apparent  Allilade  of  >'»  centre. 

Cor  for  SccoDd.        I 
ofPimillu.        1    1 

6 

Add.                1    1 

MS 

1        1        [        1        1 
10       10J-|0«jlO'M|10'iHlO-l 

1OWIU60 

lOM 

10^ 

II   2 

„ 

A 

Cor. 

1         1 

=618 

614 

2t,ll 

601 

■591 

1597 

13 

1                (                         1                1        Jl 

iaas 

1586 
57 

1581 
570 

1581 
1667 

1 
3 

10 
9 

u 

555 

ISM 

4 

7 

s 

, 

tl 

1638 

6 

6 

4 

^ 

15^ 
150S 

+  )7 

M9S 

3 

SO 

JOB 

S5W) 

ItO 

00 

497 

43 

iJ 

1483 

1480 

9 

40 

494 

ttst 

14S9 

1486 

1483 

MSI 

1478 

1473 

471 

1469 

U66 

SO 

MT» 

St77 

1474 

S47I 

1469 

.^467 

14bl 

1461 

•i.9 

M.57 

U65 

1461 

S. 

Cor- 

36 

0 

1465 

1463 

5«5 

«« 

1453 

14^3 

3455 

14*7 

U45 

44 

440 

13 

10 

M49 

S4t6 

MU 

S140 

143S 

1435 

1433 

1430 

1418 

4S4 

1 

11 

10 

437 

JOA 

S43S 

US9 

1416 

1414 

UII 

1419 

1416 

UU 

•41   ,  410 

to 

30 

423 

1410 

1418 

Ul£ 

Mil 

1410 

MOT 

140^ 

!4Dt 

1400 

1318    3  G 

5 

9 

40 

409 

S406 

1404 

I40I 

1398 

1596 

1393 

1391 

U88 

1386 

3r4    33 

4 

7 

57 

Ml 

i39b 

tJ9t 

tiflO 

1387 

US4 

USl 

1379 

1377 

»74 

137 

17)     ifl' 

5 

6 
S 

9 
X 
0 

0 

178 

3  b 

S370 

13GH 

1366 

13UJ 

1 

J67 

1366 

3354 

1351 

134J 

0 

.34t 

3340 

1337 

133 

3C 

1    1       11 

13  7 

1314 

13S 

_ 

"o 

113 

MIO 

1196 

I3l)<i 
1194 

12JI 

JOJ    JOl         J 

— 

9 

84 

I  87 

U6 

S, 

Cor. 

MM 

1231 

117 

•74 

71 

13 

10 

2 

1169 

116T 

«fi! 

lift 

1 

1! 

0 

t  7(                                              S 

tbi5 

1163, 

mi 

«49 

1147 

1^44 

1 

10 

30 

2  54 

21 

i  1 

114 

1140 

M5T 

1135 

1233 

1131 

3 

9 

to 

M43 

tsti 

1138 

»3a 

1133 

1131 

ins 

1116 

!SM 

list 

mo 

1117 

« 

8 

59 

M 

1230 

IM7 

nj5 

11.1 

isao 

1118 

"115 

UK 

UID 

2108 

MD6 

1104 

S 
6 

7 

6 

S 
4 
S 

0 

M16 

aiu 

ESII 

iioa 

no6 

1199 

mi 

119^ 

1193 

1191 

10 

S103 

ilOO 

1198 

liSG 

1193 

119111188 

1186 

1183 

1181 

1179 

2177 

10 

2190 

S187 

USA 

tlBt 

SIM 

I17B1175 

1173 

1170 

£16a 

1166 

1164 

9 

30 

ilT6 

1)74 

1171 

Ilea 

216G 

11641161 31» 

1167 

1166 

1153 

1161 

10 

so 

IIG3 
II5C 

1160 
*I47 

ti6a 

1145 

use 
tilt 

IIU 
1140 

115MI4a«146 

1144 

1130 

H4! 
UIB 

1140 
1116 

1138 

list 

»3S 

1135|ll33 

3- 

Cor. 

EO 

0 

1134 

«138 

Airj 

tm 

sm'iito 

1117 

Ills 

1113 

1111 

0 

13 

10 

II  S3 

iiai 

lllB 

Ills 

1113 

Sill 

11091107 

1104 

1101 

1100 

1098 

1 

U 

10 

4107 

IIOS 

IIOl 

ilDO 

1098 

1096^94 

1091 

1089 

1087 

1085 

1 

10 

30 

t097 

1094 

lost 

1069 

10B7 

1086 

SOSI 

1078 

Mf76 

8074 

1071 

3 

40 

lost 

1081 

mm 

1076 

W74 

S06B 

1065 

H>63 

1061 

1059 

4 

1071 

1068 

1066 

1063 

UGI 

1059 

10S7 

1066 

vm 

|0U 

tots 

1046 

6 
7 
S 
9 

bI 

MSB 

Mi3 

i0»3 

^M 

i&^ 

1046 

SOtl 

1039 

1036 

104S 

SD4I 

SD40 

vm 

1036 

HU3 

aim 

H»6 

nu 

10» 

M 

J03I 

«»9 

!017 

ksH 

lOU 

KHO 

tois 

1016 

!«f 

»" 

toil 

1008 

WIT    MJAV4U«*| 

1997.™ 

>'>  IlorUoDUl  PaniUax 


,  Proportioiiiil  pan 
'  of  Para 


iTTabJ 
Fori 


I  IR  171  III       14113 

)  1  aO|    [  a  ?!  nl  a|  4l  3 


11 


Apparent  Allitudc  of  >  a  ceutre 


}  18  &!' 10  1*151"  "01 

■^-'7Bi8OTqaa7j 

t9Sfi4T3a44 


(0  W"0  Si 
\5i5\3  tt 
II  £499  14 
17  StSb  H 


!9  S477  M 
££46314 
31  t449  14 

ni43&M 


[9ZWG» 


iOU34 

12  2439 
!S!4U 


M04S40St400fl 


M  1!96  ltS94  M91  I! 


19  8407 

J9J    1 


i6  !S8«»3!  SST9  StT7  I^ 


IbJ    ISTIBE 
)3SIB1  817a  "176  •174  !171|«I70|J 
191167  "160  aiS3Slfil«6aSlfigSl 
i\^  1147  114Sm4»: 

11%  1134  iisiniso 
iiiejiisi^iu  ziti 


l4U)M«000  1j 
«  1989  1987  I  •< 
9  19TGI974l!i 
S1964ll96£lS 


8  1995  1991  Iflyi 
6  1983  1981  l<t79 
119701968  1966 
ai957(i!)M19M 


TABLE  XIX. 
couKcnoN. 


TABLE  XrX. 

COBRBCTION. 


InfHrithm  oa  Ihe  right,  both  being  found  at  the  saine  openinf  of  the  tn 

TnJtHdlhirBTTerlimo^TatkXIX. 

1.  Flnlerthe  tsMe  markeil  Corrtrtian,  and  find  in  the  tide  column  Ihi  ___. 

allitado,  or  the  iillituile  nPti  leH  if  there  be  on;  units  of  milei  in  the  altitade  ;  opporile  to 
III  under  the  niinulei  of  the  moon's  horiiontil  petvJls)  will  be  the  approiitdMe ' 

'nlpr  Isbte  A,  sbrpait  of  the  appmiini 
9  huriEOiiUl  pereJlai,  viz.  the  t^ns  of  M 
under  iJie  latter,  and  ufipiiiitc  Iha  former  will  be  the  correction  of  table  A. 

3.  Enter  talile  B,  alirtiiit  of  the  approiimaFe  correction,  and  find  the  unita  of  milciiDtbt 
moon'j  Bpi>Brentallilude(nef!lect«d  above)  oppoiite  to  which  will  b«B  number  of  sceiMdii 
which  being  added  to  the  correciionsrouDdfromt^eXlX.  aodlromtable  A,willgire  tke 
wu^l  coirecliori. 

Tojiiut  Iht  IJigariihm  of  TabU  XIX. 
Enter  the  table  n<Brfced  Legarillnm,  in  the  col uuiu  titled  at  the  top  with  the  degteciud 
minutes  wbtiii  to  Ihe  moon'i  apparent  altitude,  and  find  Ihe  loeanthm  comsponA^to 
the  niDOJ'n  hariciinlal  pamllai  in  Ihe  aide  eolumo,  or  Ihe  nnt  leu  paivllsi  il  there  he 
uuitaof  WLOiida  in  il.  Abreast  of  thii  in  thr  table  C,  oppo.'itc  the  uniti  of  Mcondi  of  b»- 
ralliT  nRi;i<Tled,  will  be  a  correction,  to  be  addt^iJ  to  thti  funner  logarithm,  to  obuin  the 
kwiiritniu  millet, 
^' —uobn'r\'cJinBfi>na<'r  put  of  thiiworkllint  in  filing  then  tablet  k>  ai  to  render 
nvcliuna  of  the  tabli'i.  A,  B,  C,  additive,  it  hail  liuen  Yninid  necenary  to  make  llie 
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76634 

iM-l 

7GM1 

76619 

7GG3e 

76661 

76671 

766781  70086 

1GC9.1 

76701 

76708 

SIU 

76716 

71.;  .J 

WTO 

767Mi  767«| 

7ti75J 

TOIOiJ 

Im-B 

76775 

76782 

WC 

7679' 

7i;79- 

76805 

7681^ 
7C8S6 
76960 

76819 

76827 

708*1 

76842 

16813 

76036 

&l(7 

76*. 

76a7l 

76879 

76893 

76901 

16916 

7692J 

769J0 

583 

7C!l3 

76tfW 

769J.1 

76967 

7697S 

76989 

76997 

77001 

589 

77olS 

77019 

77oa; 

77034 

77041 

77018 

77036 

77063 

77070 

17078 

5W 

TJWU 

T70yj 

77100 

77107 

TfllS 

^!7T±J 

^7l57 

■77m 

77191 

591 

71153 

77!6(. 

7717,1 

77181 

TJiaa 

T7I95 

77203 

77210 

17217 

77225 

592 

TTSS'J 

77240 

77247 

77354 

77262 

772i9'|  772761 

772U3 

77291 
77361 
17437 

77298 

5!f3 

7730a 

77313 

77.KM 

T7327 

77335 

77342 

77357 

77371 

5H 

773TU 

TTJWi 

773W: 

77401 

77408 

77415 

771S2 

77430 

77444 

ao 

"TTiW 

77459 

"77«6 

77474'  77481 

774B8 

17503 

TlilO 

77517 

59G 

77.'ia.'i 

77S:H 

77539 

7754f. 

77501 

77508 

71S70 

77583 

77390 

697 

77597 

7760J1 

77612 

77019 

77611 

71648 

7705C 

77663 

598 

77670 

77677 

77680 

nsai 

77714 

11721 

177281  11735 

599 

7774.1 

7775(1 

77757 

77764 

7777  S 

77779 
17851 

7778fi 

77793 

77801 

77808 

77880 

njli 

77B2^ 

778301 

77ft37 

^77859 

77860 

cut 

778S7 

77895 

77902 

77;wj 

7TOII 

■nvi* 

77931 

77938 

77945 

7795S 

GO! 

77960 

77967 

77974 

7791;  1 

77396 

78003 

1B01O 

78017 

78025 

603 

730*2 

78039 

7!1046 

71053 

78001 

78068 

78075 

711082 

73089 

78097 

GO* 

73IU4 

78111 

7B11U 

7.11:!5 

78132 

78140 

78147 

78151 

78161 

isiee 

CUo 

7UI7I 

78190 

78197 

78211 

"TETii 

7822G 

78233 

78240 

C[« 

ran 

7S263 

78269 

782B3 

78290 

18297 

18305 

18312 

bV7 

7Ei319 

733^6 

78333 

78310 

73355 

78362 

78303 

78376 

13383 

608 

78390 

7K3'JH 

7JW5 

78419 

78126 

7U133 

18440 

784471  78439 

609 

7MM:2 

7!IW9 

-i:47ti 

78483 

7E490 

18197 

18J04 

7851! 

7B319 

78SS6 

610 

185*t 

TJHO 

785A4 

78Jtil 

78563 

7l;j7u 

18383 

78397 

611 

7B604 

7r;'iii 

7r,CI8 

7aiiU 

73033 

78010 

78647 

78654 

7SG61 

7GG6S 

GI3 

7B67i 

78(1H2 

iBcaa 

78636 

7B704 

78711 

1B7I3 

78115 

78134 

78739 

613 

787-16 

737jJ 

737CO 

78707 

78174 

787EI 

78789 

73796 

18803 

78810 

6U 

7Difl7 

78^i4 

-8R31 

7aa3S 

7884S 

78852 

78859 

73366 

-B373 

788  BO 

615 

7888!; 

7ii90',' 

78UOS 

^5916 

■tbdm 

7E930 

78937 

789+41  "78351 

GIG 

7B9SS 

7S!J6ij 

7aU7J 

78386 

7B933 

19000 

79014 

79021 

GIT 

rj02'J 

7yaj6 

79057 

73064 

79011 

79078 

79085 

19092 

GIB 

730W 

79106 

7911.1 

79120 

79127 

73131 

79141 

79148 

79155 

19162 

619 

79IG!I 

7tfl76 

791  !13 

73190 

79197 

1  73J04 

79211 

79218 

791S5 

19232 

6M 

7UiJ9 

hHm 

79253 

7.:H65. 

-79267 

79-'74 

79281 

lyies 

79295 

13302 

G31 

7U30'. 

793H- 

TJMi 

79330 

79337 

79344 

79331 

13338 

79365 

79372 

62* 

79J7U 

19306 

79393 

7SP400 

79407 

79111 

79121 

19428 

79435 
7330s 

79«S 

623 

79H9 

7945r 

79403 

7S»470 

79477 

79481 

79191 

73498 

79511 

6M 

79518;  793ii 

79S3S 

J79433 

79*46 

19333 

79a6U 

19567 

19571 

79581 

625 

7!IJiiM 

7U59.- 

7960;. 

79610 

136iJ 

790  JO 

79637 

796M 

79t.SO 

616 

79657 

79664 

7HC71 

7E1678 

73G8S 

79692 

7909; 

797DG 

79713 

79720 

687 

79717 

79734 

7U741 

79748 

79754 

79161 

7SI7GB 

79775 

797B-, 

79789 

628 

79796 

79803 

79GI0 

73817 

79824 

79831 

798*1, 

793.1: 

73858 

639 

79rtfi5 

79872 

7387y 

79830 

73893 

79300 

79901 

19913 

799S7 

630 

l^HH 

7UM41 

7y94fi 

7y3ji 

73y6; 

19909 

7U97J 

7998i 

■79939 

13936 

G3I 

B0D03 

GOO  10 

80017 

8ou;-i 

80030 

80037 

aoon 

80051 

80058 

G3S 

80072]  B0079 

80085 

8003i 

80099 

80106 

801  ilO 

80121 

80134 

633 

80140;  80U7 

BOljt 

80161 

S0I68 

sons 

8018; 

80195 

3O202 

6H 

80209 

80216 

80223 

80£.9 

BIH36 

^43 

8023(1 

80257 

8020  [ 

80271 

633 

80277 

U0291 

802K8 

80312 

80318 

80325 

80332 

80339 

636 

8034fi 

80359 

S03CG 

3037! 

803Sa 

(,■0381 

80,193 

BfrlOO 

80407 

637 

80414 

8«i8 

scMa* 

80441 

80448 

80135 

80162 

NOIGB 

80173 

C3B 

80*82 

80496 

BOM? 

M0509 

uosii; 

oos-Ji 

i:05.16 

30M3 

639 

8056^ 

80564 

E0370 

80317 

805.11 

S0.i9l 

f:039C 

■MM 

BMIt 

tio. 

0      I      1 

a^ 

-J_ 

*- 

.,*. 

.1^ 

:,'-_. 

?-.. 

-2_ 
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TABLE  XXVI. 

\ 

I.OGXRITHMS  OF  NUMBERS. 

No.  64(Ki 

7000. 

Log.  80618 

84510. 

^o. 

0 

1 

*■) 

3     4  1 

6  ,   7 

8 

9 

1 

• 

640 

S061» 

80625 

80(J32' 

80638 

80645 

80652 

80659!  80665 

80672 

8t»679 

641 

806P6 

80693 

80699 

80706 

80713 

80720 

80726 

80733 

80740 

80747 

642 

80764 

80760 

80767 

80774 

80781 

80787 

80794 

80801 

80808 

808U 

643 

808-21 

80828 

80335 

8084 1 

80848  80855 
809161  80922 

80862 

80868 

80875 

808S2 

64^^^ 

80889 

80895 

80902 

809(»9 

80929 

80936 

80943 

80949 

645 

80956 

80963 

80969 

80976 

80983 

80990 

80996 

81003 

81010 

81017 

, 

646 

310-23 

81030 

81037 
81104 

810-43 

810.^ 

81057 

81064 

81070 

81077 

j  81084 

. 

647 

81090 

81097 

81111 

81117 

81124 

81131 

81137 

81144 

:  81151 

643 

81158 

81161 

81171 

81178 

81184  81191 

81198 

81204 

81211 

1  81218 

1 

649 

8ri24 
81^91 

81231 

81298 

81238 
8KU)5 

81245 

81251 

81258 

81265 

81271 

81278 

81285 

! 

650 

81311 

81325 

81331 

81338 

81345 

:  81351 

651 

81358 

81365 

81371 

81378 

81385 

81391 

81398 

81405 

81411 

■  81418 

6bZ 

01425 

81431 

81438 

81445 

81451 

81-158 

81465 

81471 

81478 

;  814S3 

J 

653 

81491 

81498 

;n.j05 

81511 

81518 

81525 

81531 

81538 

G1544 

81551 

i 

654 

81558 

81564 

01571 
81637 

81578 

81584 

81591 

81598 

81604 

81611 

81677 
81743 
81809 

81617  ; 

655 

31624 

81631 

8164-1 

81651 

81657 

81664 

81671 

81684  i 

656 

81690 

81697 

81704 

81710 

81717 

81723 

81730 

81737 

81750  1 

657 

81757 

81763 

81770 

81776 

81783 

81790 

81796 

81803 

81816  1 

658 

81823 

81829 

81836 

81842 

81849 

81856 

81862 

81869 

81875 

81882  >  1 

659 

81889 

81895 
81961 

8l;»02 

01908 

81915 

81921 
81987 

81928 

81935 

81941 

81943 

r 

660 

8195^1 

01968 

31974 

81981 

81994 

82000 

82007 

82014 

661 

02020 

82027 

82033 

82040 

82046 

82053 

82060 

82066 

82073 
82138 

82079 

66i» 

82086 

82092 

02099 

82105 

82112 

82119 

82125 

82132 

82145 

663 

82151 

82158 

82164 

82171 

82178 

82184 

82191 

82197 

82204 

82210  • 

664 

82217 

82223 

82230 
82295 

82236 
82302 

82243 

82249 

82256 

83263 

J2269 
82334 

82276  ' 

665 

82282 

82289 

82308 

82315 

82321 

82328 

82341  s 

666 

82347 

82354 

82360 

82367 

82373 

82380 

82387 

82393 

82400 

82406    1 

667 

82413 

82419 

82426 

82432 

82439 

82445 

82452 

02458 

82465 

82471    1 

668 

82478 

8248-1 

82491 

82497 

8^'>04 

82510 

82517 

82523 

82530 

82536 

669 

82543 

825-49 

825,% 

82562 

82569 

82>575 

82582 

82588 

82o95 

82601 

• 

670 

82607 

82614 

826-20 

82627 

82633!  82640 

82646 

82653 

82659 

82666 

671 

82672 

82679 

82685 

82692 

82698  82705 

82711 

82716 

82724 

82730 

672 

82737 

82743 

82750 

82756 

82763 

82769 

82776 

82782 

82789 

82795 

i 

673 

82802 

82808 

82814 

82821 

82827 

82334 

82840 

82847 

C2853 

82860  '  1 

674 

82866 

82872 

82879 

82885 

82892 

82898 
82963 

82905 

82911 

82918 

1  82934 

675 

82930 

82937 

82943 

82950 

82956 

82969 

82975 

82982 

82988 

676 

82995 

83001 

83008 

83014 

83020 

83027 

83033 

83040 

8;K)46 

83052 

677 

83059 

83065 

33072 

83073 

83085 

83091 

83097 

83104 

03110 

83117 

678 

83123 

83129 

83136 

83142 

83149 

83155 

83161 

83163 

83174 

83181 

679 

83187 

83193 

83200 

83206 

83213 

83219 

83225 

83232 

83238 

83245 

680 

83251 

83257 

83264 

83270 

83276 

83233 

33289 

33296 

83302 

83308 

681 

83315 

83321 

83327 

83334 

83340 

33347 

83353 

83359 

83866 

83372 

682 

83378 

83385 

83391 

83398 

83404 

83410 

83417 

83423 

83429 

83436 

6''iS 

33442 

83448 

83455 

83461 

83467 

83474 

33430 

83487 

83493| 

83499 

6(;4 

83506 

83512 

83518 
83582 

83525 

83531 

83537 

83544 

83550 

83556 

83563 

685 

83569 

83575 

83588 

83594 

83601 

33607 

83613 

83620 

83626 

686 

83632 

83639 

83645 

83651 

83659 

83664 

83670 

33677 

83683 

83689 

687 

83696 

83702 

83708 

83715 

8372 1 

83727 

83734 

83740 

83746 

83753    ' 

688 

83759 

83765 

83771 

83778 

83784 

83790 

83797 

83803 

83809 

S3816    1 

689 

83822 

83828 

83835 
83897 

83841 

83847 

83853 

83860 

83866 

83872 

83879 

» 

690 

83885 

83891 

83904 

83910 

83916 

83923 

83929 

83935 

83942 

p 

691 

83948 

8395-4 

83960 

83967 

83973  83979 

83985 

83992 

83998 

84004 

69i 

84011 

84017 

84023 

34029 

84036  84042 

84048 

84055 

84061 

84067  1 

693 

84073 

84080 

84086 

84092 

84098  84105 

84111 

84117 

84123 

84130 

! 

694 

841 3() 

84142 

84148 

84155 

84161  84167 

84173 

84180 

84186 

84193 

695 

84198 

84205 

84211 

84217 

84223  84230 

84236 

84242 

C4248 

84255 

1 

696 

81261 

84267 

84273 

84280 

84286  84292 

842981  84305 

84311 

84317 

697 

84323 

84330 

84336 

84342  843481  84354 
8-4404  84410  84417 

84361  84367 

84373 

84379 

698 

84386 

84392 

84398 

84423  84429 

84436 

8444S  . 

i 

699 

84^148 

84454 

814601 

84466  84473|  84479 

84485  84491 

84497 

84504 

\ 

No. 

0 

1     2  1 

3     4  i   6 

6     7 

8 

9 

1   f 

TABLE  XXVI. 
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LOGAUTIIHS  0» 

NUTIBKM. 

_Mo.TOOI 

> 

7600r~ 

Log.  84610 

-88081. 

Kg. 

- 

3     1       * 

^ 

1 

700 

84510 

84535 

-^ETi 

T4^ 

"51553 

84559!  84666 

701 

84572 

84578 

845M 

H1590 

U4597 

84603 

84609 

84615 

046211 

846Se 

70! 

84634 

84640 

84646 

U4653 

84668 

84666 

04671 

84677 

846831 

84689 

703 

84696 

84702 

84708 

'W7U 

84720 

847;U 

84733 

84739 

84745, 

B4751 

704 

81757 

84763 

84770 

B4776 

84782 

847liS 

81794 

B41J00 

818071 

84813 

7(15 

U48Ji 

84837 

841162 

84U60; 

84874 

706 

84880 

84887 

84893 

a+i;9U 

84905 

B49I1 

849 17 

U4924 

84930; 

84936 

707 

84942 

&494B 

81954 

U4960 

84967 

81973 

E4979 

84986 

84991' 

84997 

we 

85003 

850U9 

8.iOl6 

85028 

85034 

35040 

85046 

709 

SS065 

85071 

86077 

85083 

650B9 

85096 

85101 

85107 

85114 

851S0 

710 

83121 

85iai 

86138 

85144 

85160 

86156 

B51U3 

85169 

85175! 

85181 

711 

85187 

65193 

P5199 

85a)5 

85211 

05217 

85224 

862:t0 

86236' 

8S24i 

718 

GSS4S 
8S30» 

35260 

85J66 

03272 

85278 

85285 

85291 

BS297 

KoSC-S 

713 

8.7315 

863JI 

853^ 

85333 

85345 

85352 

S535B 

85^64 

7H 

85370 

83376 

8538. 

353GH 

85394 

85401 

85406 

86412 

85418, 

£6426 

~7l3~ 

TsisT 

85437 

BiH; 

85449 

es45J 

85161 

8541.7 

8.V473 

85479 

«64t6 

7)6 

85491 

354'J7 

11550J 

855<19 

3MI6 

85622 

85528 

85540 

8oj46 

717 

8.U70 

8.U76 

85532 

855b8 

05594 

856WI 

85606 

718 

85613 

35(itt 

a56JI 

U5637 

85643 

1(5649 

U5656 

85661 

B6667 

719 

85673 

85<-.7!l 

R3633 

85691 

OMSl 

05703 

B5WJ 

B6716 

88721 

B5727 

7^ 

86733 

B573U 

8674i 

"uytui 

U3737 

36769 

S5775 

85701- 

86788 

721 

85794 

awoo 

85806 

G58K 

85HI8 

86331 

86036 

85842' 

S5H«1 

li5854 

85ij6U 

85:>66 

85872 

e5H7S 

86890 

S5K96 

86902 

85908 

723 

83914 

85930 

ayjx 

U593i 

86938 

86950 

85956 

S5963| 

89968 

73* 

85974 

85080 

8.wur 

Vimi 

85993 

860W 

86010 

B6016 

O6O22' 

86028 

725 

86034 

mm 

8604U 

BfiU46 

iMiodi 

86U53 

U6O70 

BliU7o 

86032] 

7*6 

86100 

setob 

66112 

86118 

86124 

86130 

86136 

<>614I 

86147 

127 

etii»3 

86139 

86165 

66171 

06177 

36183 

861  b< 

B6195 

86201! 

86207 

728 

B6SIS 

86^19 

eea-'a 

662.11 

86237 

36/43 

86249 

S6i5ii 

s 

36267 

729 

86S73 

86^79 

86is.- 

86291 

862U7 

86303 

8631 «. 

Uli3l4 

86326 

-730 

R633i 

86338 

86344 

|;6JjO 

86356 

86;)62 

U6368 

86374 

86380 

06586 

731 

8639i 

86398 

8640  » 

B04I0 

86415 

B6431 

B6427 

86433 

3S439 

86445 

13S 

86491 

86-157 

86163 

86 169 

1*475 

B64CI 

B6t«7 

36493 

06499 

&65IM 

733 

£6910' 

86516 

S632£ 

8652i, 

86534 

86540 

B6546 

86552 

36650 

86564 

734 

H6570 

B6576 

afiiSi 

B65U7 

86693 

86599 

l;6(KJ6 

86611 

36617 

86623 

7M 

86629 

B6635 

a6641 

86646 

86652 

66663 

86664 

86670 

86676 

06682 

736 

86688 

U6694 

867U0 

S6705 

86711 

86717 

86723 

86729 

3673fr 

067.11 

737 

B6747 

E6753 

£6759 

B67(i4 

86770 

86776 

867B8 

86794| 

068O0 

733 

86S0e 

86813 

86817 

86829 

36B4I 

811847 

868631  86869 

739 

86864 

86870 

B6B7e 

86882 

86894 

86900 

B69U6 

E6911 

06917 

740 

B«i923 

^56D29 

i:G9Jj 

"86941 

86953 

369511 

86964 

B6970 

J6976 

741 

8698! 

869U3 

H69Q4 

87005 

87011 

87017 

87023 

87029 

87036 

743 

87046 

87052 

87064 

87070 

87075 

87081 

B7U93 

743 

87099 

87105 

B711I 

87116 

871S2 

87128 

87140 

87146 

87161 

744 

07157 

87163 

87169 

B717S 

87181 

37186 

87192 

37198 

872(M 

37210 

74^ 

87an, 

87221 

87227 

87233 

H7239 

87245 

8725 

87266 

87262 

87268 

746 

87274 

873S0 

87291 

S7303 

3730! 

87315 

87320 

87526 

747 

87332 

8733U 

873  V 

87345 

87361 

87373 

87384 

748 

87390 

87396 

B740i> 

87401 

8741! 

87419 

87435 

8743; 

87437 

87442 

749 

87448 

87454 

874'iO 

87466 

87477 

87483 

87495 

87500 

7S0 

B7S06 

87512 

87i,la 

B7SI3 

37529 

87535 

87541 

87547 

87552 

751 

B75G4 

B7S70 

87676 

87581 

B76S7 

97S93 

B7699 

8760. 

87610 

87616 

755 

S7622 

B76I8 

87633 

87639 

8764J 

87651 

87656 

B766B 

87674 

763 

87679 

87686 

8769  J 

87697 

87708 

87714 

87721 

87726 

87731 

744 

87737 

87749 

87751 

87764 

B7766 

B7772 

37777 

87789 

76a 

87795 

87800 

87000 

H7B12 

B781( 

87823 

■87829 

B7833 

■BTim 

3;b46 

7*6 

87852 

87B6B 

87864 

87369 

87881 

87887 

37892 

87898 

37904 

757 

87910 

879IS 

87921 

87927 

87938 

8794- 

87950 

87965 

87961 

753 

8IH67 

87973 

87978 

87984, 

88001 

88007 

38013 

759 

880241 

38030 

88036 

88041 

8804i 

8805: 

8G058 

80064 

88070 

08O76 

^o. 

0            1 

S     1     .3 

4 

6 

6 

7            8     !       9 
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T  0 


-JJiOO. 

T  "i 


L*if.  »KOBI 


-91381. 


701) 
ItJl 

7ri3 

7(U 


7b.} 

7(ir. 
7i;7 

7«l! 

7Gy 


770 
771 
772 
773 

774 


77o 
776 
777 
778 
779 


7B0 
781 
732 
783 
784 


785 
786 
787 
788 
789 


790 
791 
792 
793 
794 


796 
796 
797 
798 
799 


800 
801 
802 
803 
804 


805 
806 
807 
808 
809 


KM3« 


71  WWjA 


\  8i;4-';5 

8i;5.iti 
g:<5H.» 


'tin  I  -I  11 

:r:;;>01 
i;K;il<) 


83649 
88705 
8876^2 
88818 
88871 


6\'A29\ 

8:;5U| 

«8;;!'.'<' 


!<•  I  •   'l, 

l::  Jl'J! 
8K'i64| 

K};431' 

t;.:i9i 

:;};:jt7 


}J;.3-:»)' 


(I 


8::  161 
IJ8218 
}I827.> 
y«33J 

"nJi38i» 


UUllO 
as  167 

s:i:24 
8};j8i 

8:J338 


H.uiv.M  n«38i»  8»:,v.).-j 

r.:-{ll/|.  a^M-in  !::m;.i 

■.;:;i!»7  yi^.w.',  fi.'uM\ 
« "  > ". .  ■  i 

:...610| 


»oll6:   UB121 


8HI73 
8H25J7 


r817« 


; 


.'{k:;4.i;  83319 


j;o»'.i5l  :;s6:i 


J)}J6.V)' 
8871 1| 
8J5767I 
8ii824 
888H0 


JMbhO;  [i[]fihh\ 


88930 
88986 
89042 
89098 
89154 


89209 
89265 
89321 
89376 
89^*32 


89487 
89542 
89597 
89653 
89708 


89763 
89818 
89873 
89927 
89982 


90037 
90091 
90146 
90200 
90255 


90309 
90363 
90417 

9an2 

90526 


90580 
90634 
90687 
90741 
90795 


8»936 
88902 
}19i»48 
89104 
89159 


<ii/  I  i  ^ 
11^  i  l.t\ 
SiJJJJ'J 
888H5< 


I 

i<.)  ■  I  J, 
«•  ■(■•'•■. 

o  »!»•  ••: 
•  ■•">»:  ■  1 


89215 
89271 
89326 
89382 
894371 


88941 
88997 
8IKJ53 
89109 
^9l»i5 

»9i2T 

892761 

89332! 

89387 

89443' 


i,j;i'47i 

89U0;<' 
891>5D| 
39115; 

Tj9226 
89282 
89337 
39393 
894M5 


89492 
89548 
89603 
89658 
89713 


89768 
89823 
89878 
89933 
89988 


90042 
90097 
90151 
90206 
902601 


90314 
90369 
90423 
90477 
90531 


90585 
90639 
90693 
1K)747 
90800 


9U849 
90902 
909,^ 
91009 
91062! 


89498 f 

89553! 

896091 

89664 

89719 


89774 
89829 
89883 
8993;j 
89993 


89504 
89559 
89614 
89669 
89724 


90048 
iH)102 
90157 
90211 
90266 


89779 
89834 
89889 
89944 
89998 


90053 
90108 
90162 
90217 
9(»271 


911161 
911691 
91222I 
91275] 
913281 


90854 
90907 
90961 
91014 
J*I06jj 

15jT21 

91174 
91228 
91281 
91334 


90320 
90374 
90428 
90482 
90536 

~ii(»;)90l 
90fiM| 
J»0698j 
90752, 
90«0fl 

90859 
90913 
909661 
91020| 
91073 


90;i25 
90380 
90431 
90488 
!«»542 

SH»59(J 
906.V) 

vnvu 

90757 
IHIBII 


!i:;67J 
S8728 

83840 
«{;ii97| 

~ii«li);3!' 
89009; 

;;yo64j 

891 20] 
89176 

"89235:." 
89287 
89343 
89398 
89454 


8:M(KI  iiiUOG 

8S457i  88463 

885 13-  88519 

8f:570'  88576 

8::i;:7  88632;  88638 


88127 

8824 1! 
8829R; 

8G35d{ 

88412" 
38468' 

88525! 
8858]! 


8.1.;77 
8d731 
88790 
88846 
J'.8902 

~«81>5r{ 
89014 
89070 
89126 
lJ9in2 


88739 
38795 
JJ8852 
889tK» 

8li;J64 
89020 
*i9r»76, 
891311 
89187' 


89509 
89564 
89620 
89675 
897  :U) 


89785 
89340 
8989^1 
89949 
90004 


90059 
90113 
90168 
90222 
90276 


90331 
903^5 
90439 
90493 
90547 


90JJ65 
90918 
90972 
91025 
91078 


906(»| 
90655 
90709 
iK)763 
90816 

'90870 
90924 
90977 
9103(i 
91084 


j:9.:37 
89293 

noun 

89459 


89515 
89570 
89625 
89680 
397  .J5 


89790 
89845 
89900 
89955 
90009 


90064 
90119 
90173 
90227 
90282 


90336 
90390 
90445 
90499 
90553 

'9O6O7 
90660 
90714 
9076.'^ 
!K)822 


91126> 
91180 
91233 
91286' 
91339] 


91132-  91137 
911851  91190! 


91238 
91291 
91344 


91243 
91297 
91350 


0  I   I  ■»   4  \  a  X" 


1K)H75 
90929 
iM»982 
91036 
9I0::9 

"91142 
91196 
91249 
91302 
91365 


89298, 
893M, 
894091 
8946oi 


39520 
89575 
89631 
89686 
89741 


8i;689i 
{'.87451 
888O1I 
88857; 
88913} 

890251 
8908 1; 
891371 
89193; 

"892481" 
89304{ 
89360| 
894151 
89470; 

89526 
89581 
89636 
89691 
r.9746 


886941 
83750 
883071 
88863! 
88919 


1813.* 

r.ii90 

8K247 
88:104 
88360 

88417 
&bt74 
88530 
K8587 
88643 

"88700" 

88756 

88812 

8b36l* 

i:ii92o 


88975: 
89031; 
890871 
891431 
89198: 

89254J 
89310; 
8936.51 
89421' 
39476 


89796 
89851 
89905 
89960 
9(>;'15l 


89801 
89856 
89911 
89966 
90020 


90069 
90124 
90179 
!N)233 
90287 


90075 
90129 
90184 
90238 
90293 


90342 
90396 
90450 
90504 
9055R 

9(1672 
90666 
90720 
90773 
90827 

1m)S8T 
909.'J4 
90988 
91041 
im»94 

liTila! 

91201 
91254 
91307 
91360 


90.547 
90401 
90465 
im50«l 
90563 


90617 
90671 
90725 
90779 
90832 


90886 
90940 
90993 
9I04r> 
91100 


91153 
91206 
91269 
91312 
91366 


^  ^  1 


:^953I 
89!>86 
89642 
89697 
89752: 


88981 
C9037 
;-9092 
39148 
S92W 

%:9260 
89315 
89371 
89426 
894^1 


89537 

3P.i92 
89647 

8yro2 

89767 


89807 
89862 
89916 
89971 
900S6 


90080 
90136 
90189 
90244 
90298 


89812 
89867 
89922 
89977 
90031 


90086 
90140 
90196 
90348 
il0304 


90362 
90407 
90461 
90516 
90569 


90623 
90677 
90730 
90784 
9083B 


90891 
90D45 
90998 
91052 
911061 


91168 
912IS 
91 265 
91318 
91371 


90^68 
90412 
90466 
90620 
90674 


90628 
90632 
90736 
90789 
90843 


90897 
90960 
91004 
91057 
91110 


91164 
91217 
91S70 
913S3 
91376 
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LOCAWTmuS  OF  NLMBEBB. 

Ho.mi»— «8<». 

Loe- 

91381— 

— 944*8. 

■o. 

0     1     1 

5 

^J_ 

i 

6     ,     6 

1 

B 

" 

S^ 

9I3BII  91387 

91392 

91397 

9I40HJ  91113 

9I4I8 

91424 

9142U 

831 

9t«4 

91410 

91450 

91465 

91461    91466 

9M71 

91477 

91482 

m 

91437 

91498 

91498 

91603 

91508 

9l5l4i  91519 

91584 

91589 

91535 

823 

91540 

91545 

91551 

91566 

91561 

915661  91678 

91577 

91581 

91587 

BH 

91593 

91M8 

91603 

9 1609 

91614 

31619.  91614 

9i6,TO 

31636 

91640 

su 

91G6I 

91666 

91661 

91666 

91672.  91(i77 

31687 

91693 

SK 

■•lew 

9I70S 

91709 

91714 

91719 

917241  91730 
91777    91782 

91735 

91740 

91745 

827 

91731 

91766 

91761 

91766 

91712 

91787 

91733 

9179B 

Hse 

91803 

91B08 

9lal4 

91819 

yiB* 

918291  9 1834 

91840 

91845 

91850 

BS9 

aiBfiS 

91 361 

91866 

91871 

91iJB!l  91887 

91892 

91303 

ui-m 

91913 

91918 

91924 

U1929 

91934   31'JJ9 

91944 

91950 

l-lgaS 

b:)I 

31960 

91965 

91971 

919-fi 

91S8I 

91986    91991 

31937 

99008 

92007 

B32 

9;:(JJ2 

9:^018 

92023 

98028 

92033 

92038    9tat4 

92043 

92054 

92059 

833 

9S065 

92070 

92075 

920H0 

980B5 

92091    9S09C 

92101 

91106 

92111 

8M 

32117 

9^:122 

92127 

9-^13! 

92137 

92143    92148 

92IS3 

91168 

92163 

BSo 

•J1169 

9.!  174 

—im 

921B* 

93189 

32195   93SO0 

91106 

92110 

92216 

83fi 

92521 

3i-iaf 

11223! 

gS'JSb 

9224.1 

92247    91152 

99167 

929Ci, 

y2267 

837 

9!t7J 

92i7R 

923ri3 

92288 

92*93 

92298'  98304. 

92309 

92314] 

9-2JI9 

B3I1 

9>3i4 

II2330 

92335 

92340 

923* 

92330.  92355 

92,W1 

91366 

9'2371 

9'2d76 

SaSHl 

9a.11!7 

92.)9i 

92403'  92107 

92418 

02483 

swas 

9ii3J 

92438 

1I2H; 

:i2MM 

9St.i+   92459 

"91*64 

92*69 

31474 

8J1 

98480 

98486 

92490 

9249i 

SiUX 

!i-'.>0.^    9251 1 

92516 

99591 

92526 

St! 

9^^ll 

02536 

98642, 

92547 

92557>  92362 

99S67 

92671 

92578 

aw 

92583 

925B8 

92593 

93598 

92609'  92614 

91619 

9'!BB4 

32689 

8M 

9IGH 

98639 

92643 

98660 

99605 

92660    92G65 

92ff7W 

92673 

SU 

g«86 

9::ii9! 

"92896 

"^2701 

927111  92716 

91722 

WI787 

92732 

BW 

93742 

927(7 

92732 

927G3    927  6B. 

92773 

9277H 

927liJ 

91788 

9^79., 

9i:799 

92HO> 

n»\i   9281 Q 

92324 

92,:23 

32«J( 

98840 

9W46 

92U50 

y;aj5 

92365    91870 

99B76 

928.;  1 

9281^6     . 

849 

9SR9I 

98396 

929U1 

UJ90G 

92911 

92916.  93921 

92927 

92932 

92937 

8M 

W943 

98947 

92952 

92957 

112967    9237; 

9897J 

9298: 

92988 

8ai 

92993 

9;U9E 

93003 

9300H 

93013 

!'3013:  930241 

93034 

33039 

S58 

93044 

93049 

93054 

93059 

93069'  93073 

930S( 

93085 

93090 

93095 

93100 

93105 

93110 

93115 

93120;  93183 

93131 

33136 

33141   ; 

85-1 

93146 

H3I31 

93156 

93161 

931 B6 

93171]  93176 

931  SI 

33186 

33192 

ai5 

93197 

ujao2 

93207 

932IS 

93217 

93222]  3;)2*7 

93137 

9324S 

856 

93147 

9.1252 

93251 

93263 

93*fi8 

9327a  93178 
93323^  93318 

93833 

9338^ 

93-293     , 

9330; 

93313 

93318, 

93334 

93339 

933*4 

8d8 

93349 

93364 

933511 

93364 

93369 

933T4,'  93379 

93384 

93389 

93331 

859 

93399 

93404 

93*09 

93414 

93410 

93425;  93430 

93435 

93440 

Ban 

"93*50 

93455 

93465 

934T0 

ga+TSj  93480 

93WJ 

95491 

9.H36 

itfii 

93500 

93506 

93510 

93616 

93590 

93686'  93S3I 

93536 

93516 

BfiU 

93556 

93561 

93566 

93671 

93676    93381 

93586 

93591 

93596 

BB3 

93601 

93606 

93GII 

93616 

93681 

93626    93631 

93636 

33641 

93646 

93651 

93656 

93661 

93666 

936-1 

93676,  93682 

93687 

9369! 

93697 

865 

!IJ7(«;  93707 

9J712 

95717 

93732 

93727;  9373! 

93737 

937*8 

93747 

B«fi 

937551  937S7 

93762 

93767 

93777i  9378! 

93787 

9379! 

93797 

B67 

1USU>    93nOT 

93818 

93817 

938X1 

93827 

93831 

93837 

9384S 

93!f4T 

93efii 

93857 

938G8 

93867 

99872 

938^77 

93882 

93887 

93892 

33B97 

8b9 

93902 

93907 

93918 

93917 

939M 

93997 

93932 

93937 

9394! 

93947 

B70 

9395J 

939S7 

93902 

93967 

93971 

93988 

"93957 

93935 

93997 

940D: 

94007 

94018 

94017 

»«« 

MOST 

94034 

94037 

94042 

94052 

94057 

9406! 

94067 

9«r72| 

94077'  MOSS 

910K6 

94091 

94091; 

87.1 

9tini 

94106 

94111 

94116 

94191 

HlUl  94131 

94136 

04141 

04146 

874 

94131 

94166 

94ir;i 

94166 

94171 

MITffl  941B1 

94186 

94191 

91196 

94iOI 

»4i06 

94216 

94331 

94110  94131 

9*U( 

H2.I0 

B7r, 

94250 

94255 

94860 

94865 

94170 

94276^  94180 

94S90 

9i;95 

BT7 

94300 

94305 

94310 

»4315 

94SW 

9432^94330 

94340 

31315 

87a 

94319 

94354 

94369 

94364 

94969 

■)*374l  94379 

9*383 

34391 

S73 

94399 

94404 

9*«0 

94414 

94419 

91434,  94489 

9+Wa 

S,      \ 

\ 
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1 

2 
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4 

6      \      f.      \     ■> 
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;             Wo.  8B0O— 9400. 

Log.  9*448  -    -37313-           | 
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-JL^ 
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a 

3      1      4 

5 

6            7 

8 

9 

«B0 

944411 

94453 

9445S 

9446 J>  94468 

94473 

94478    94*as 

94488 

94493 

BBI 

9-1W8- 

94603 

94.107 

94512 

94517 

94612 

94527    94D3a 

9i63- 

9iA« 

SB£ 

94S41 

9455S 

94557 

9*662 

94667 

94571 

94576    114681 

94586 

94A9I 

S83 

94596 

94601 

94606 

94611 

94616 

94611 

94621     94630 

946^5 

9t£4a 

S81 

9464a 

94650 

94655 

94660 

94666 

94670 

94675 

946B0 

94085 

94689 

HSS 

94694 

91fi99 

94704 

94709 

94714 

94719 

94724 

94719 

94734 

94738 

8S6 

94743 

94748 

94763 

94758 

94763 

94768 

94773 

94778 

94783 

94787 
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94792 

94797 

94S0i 

94807 

94U12 

94817 

9482! 

94827 

94*31 

94836 

SBB 

94841 

94851 

94856 

94861 

94866 

9*376 

94ttS0 

94S85 

S89 

94890 

9489  a 

:4900 

94905 

94910 

94915 

94919 

94934. 

«9!9 

94ftM 

SSO 

9494^1 

94949 

9.1954 

94959 

94963 

94968 

94973 

94978 

-Mm 

831 

94988 

94993 

94998 

9500J 

95007 

96012 

95017 

950Si 

94017 

9503; 

89! 

9S036 

95041 

9504r 

96061 

95056 

96061 

95066 

96071 

95075 

960au 

833 

9508S 

95090 

9J0Ui 

95100 

95105 

95109 

9511^ 

96111 

95114 

96129 

89-1 

95131 

95139 

95143 

95148 

95163 

95ISS 

95173 

951T7 

USiaE 

95187 

95 IW 

"liSari 

95216 

962!] 

95»: 

80<i 

95231 
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9.83993 

10-09158 

10.23165 

5C 

12  3Ji   17  2H 

76K5:! 

90832   S602U 

09168 

23I4S 

57 

12  24   47  3ti 

76870 

30823,   86046 
90814   E6073 

13954 

09177 

23130 

n   IC;   47  14 

76887 

139S7 

931  l.l 

69 

12  S:   47  :,i 

76«H 

90805   86 100 

13300 

09195 

SVK 

CO 

12  0   48  0 

76922 

90796   86126 

13874 

09204 

23(r7,! 

1  M 

lourr.«.  llDur*.ji. 

Co-sinc. 

buie.  <Co-tuiK. 

Tanf^Dt.  Cofmn 

SrcKiit. 

"sr 
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S6  Degs. 


I    M    jHoiirA-Ml 


0 
1 

S 
3 

4 

5 
6 

7 
8 
9 

10 
11 
12 
13 
14 


'n 
I 


12 
11 
11 
11 
11 


M.lHomT. 

0    4  48 


b'2 

36 
S8 


11 
11 
11 
10 
10 


20 

12 

4 

56 
48 


10 
10 
10 
10 
10 


40 
32 
24 
16 
8 


15 
16 
17 
18 
19 

20 
21 
22 
23 
24 


10 
9 
9 
9 
9 


0 
62 
44 
36 
28 


9 
9 
9 
8 
8 


201 
12 
4 
56 
48 


25 
26 
27 
28 
29 


8 
8 
8 
8 
8 


40 
32 

2-H 

16 

}{ 


SO 
31 
32 
33 
34 


8 
7 
7 
7 

7 


0 
52 
44 

36 
'2H 


35 
36 
37 
38 
39 


7 
7 
7 
6 
6 


20 

12 

4 

56 

'V8 


40 
41 
42 
43 
44 


6  40 
6  32 
6  24 
6  16 
6     8 


46 

46 
47 
48 

49 

50 
51 
62 
63 
64 


6 
6 
5 
6 
5 


0 
52 
44 

36 
28 


6  20 
6  12 
6  4 
4  56 

4  48 


66 
66 
67 
68 
69 
60 


4  40 
4  32 
4  24 
4  16 
4  8 
4    0 


M   |HourF.». 


48 
48 
48 
48 


TABLE  XXVII. 

Log.  Sines,  Tangents  and  Secants. 

*  '         ^ Dfigs.  113. 

THiigent.'  Co-tang.l  Secant.  |Co-secant 


Sine.  I  Co-sine. 


0 

8 

16 

24 

32 


4  48 

48 
48 
49 
49 


401 
48 
56 
4 
12 


4  49 

49 
49 
49 
49 


20 
28 
36 
44 
52 


4  50 

60 
60 
50 
60 


8 
16 
24| 
32 


4  50 
50 
60 
61 
51 


40j 

48 

56 

4 
12 


4  51 
51 
51 
51 
51 


20 
28 
36 
44 
52 


4  52 
62 
62 
62 
62 


8 
16 
24 
32 


4  62 

52 
62 
53 
53 


40 
48 
50 
4 
12 


53  20 
53  2 
63  36 
53  4-1 
63  52 


4  64 
64 
64  16 

64  24 
64  32 


54  40 
64  48 

64  56 

65  4 

66  12 


55  20 
55  28 
55  36 
66  44 

65  52 

66  0 


.  76922 
76939 
76957 
769741 
76991 


9.77009 
77026 
77043 
77061 
77078 


9.77090 
77112 
77130 
77147 
77164 


9.77181 
771991 
77216 
77233 
77250 


9.77268 
77285 
77302 
77319 
77336 


9.77353 
77370 
77387 
77405 
77422 


9.77439 
77456 
77473 
77490 
77507 


9.77524 
77641 
77558 
77576 
77592 


9.77609 
77626 
77643 
77660 
77677 


9. 776941 
77711 
77728 
77744 
77761 


9.77778 
77795 
77812 
77829 
77846 


9.77862 
77879 
77896 
77913 
77930 
77946 


HoiirA.li.'  Co-iiiw. 


.90796 
90787 
90777 
9(»768 
907.)9 


:i    M 


9.86126  10.13j;74  10.092<>4  10.23078 


y. 90750 
90741 
90731 
90722 
9(»713 


9.90704 
90694 

906n.> 

90676 
90G«w 


9.906.^7 
9064:i 
9063y 
90630 
9062(: 


.90611 
90602 
90592 
906S3 
90574 


9.90565 
90555 
90546 
90637 
9(»527 


9.905K; 
90509 
90499 
90490 
904r;0 


9.90471 
90462 
90452 
90443 
90434 


861.'t3 
86179 
86::i»6 
86232 


13847 
13821 
13794 
13768 


9.86259 
86285 
86312 
86338 
86365 


9.86392 
86418 
86445 
86-^1 
8649^ 


9.d652U0.13476 


86551 
86:^77 
86603 
86630 


<9. 86656 
86683 
86709 
867:)6 
86762 


9.867 >9 
86815 
86842 
86868 
86894 


9.86921 
86947 
86974 
87000 
87027 


9.90424 
90415 
90405 
90396 
90386 


9.90377 
90368 
90358 
90349 
90339 


9.90330 
90320 
90311 
90301 
9(»2y2 


9.90232 
90273 
90263 
90254 
90244 
90236 


Sine. 


9.87053 
87079 
87106 
87132 
87158 


9.87185 
87211 
87238 
87264 
87290 


10.13741 
13715 
13688 
13662 
1363.5 


10.13608 
13582 
13555 
13529 
13502 


13449 
13423 
13397 
I3;n0 


10.133^14 
13317 
13291 
13264 
13238 


10 


13211 
13185 
13158 
13132 
13106 


10 


13079 
13053 
13026 
13000 
12973 


10 


12947 

12921 

128941 

12868 

12842 


10.12816 
12789 
12762 
12736 
12710 


9.87317 
87343 
87369 
87396 
87422 


9.87448 
87475 
87501 
87527 
87554 


87606 
87633 
87659 
87685 
87711 


rikiM*. 


Co-topg. 


10.12683 
12657 
12631 
12604 
12678 


10.12662 
12526 
12499 
12473 
12446 


092131 
092^23 
11923? 
09241 


'23061 
23043 
23026 
230i>y 


60 
59 
5S 
57 
56 


10.  O92.W10. 22991  55 
09259  22974  54 
09269  22957  53 
09278  229391  52 
09207        229221  51 

10.09296  10. 229051  50 
09306  22888J  49 
09315  SS87d  48 
093:24         SS853|  47 

46 


09333         22-36 


10.093^^1  10 
09352 
09361. 
09370. 
093801 


-i- 


.22819 
22801 
22784 
22767;  4f 
227,'jOl  41 


45 
44 
43 


10. 093yg'10. 22732 
09398         22715 
O94OB1        22693 
09417        226S1 
09426J       22664J 


40 
39 
38 
17 
36 


10.09435110.22647  35 
09445I  22630  34 
mU>M  22613^  33 
09463{  225961  32 
094731      22578/  31 


10 


094S21I0.2256I  30 
0949  r  22M4^  29 
0950 If      22527!  28 


09510] 
09620l 


225101 
22493 


10.09529)10.22476 
09538i  22439 
09548  22442 
09557  22426 
095661       22408 


10 


0957610, 

09585 

09595 

09604. 

096141 


22391 
22374 
22357 
22340 
22323 


10 


.09623110 
09632 
09642 
09651 
09661 


22306 
22289 
22272 
22266 
22S39 


27 
26 


25 

24 


21 


20 
19 
18 
17 
16 


15 
U 
IS 

1: 
II 


J  ■ 


10 


09670  10 

09680 

09689 

09699 

097081 


22222:   10 


22205 
22188 
22171 

221641 


9.8758010.12420 


12394 
1S367 
12341 
12315 
12289 


10.09718 
09727 
09737 
09746 
09766 
09766 


Tangent.iCo'i 


10.22138 
22121 
2S104J 
22087 
22070 
22054) 


9 

8 
7 
6 


6 
4 
3 
2 
1 
0 


37  Degi. 
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Log.  SineS|  iTangents  tnd  Secants. 
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Deg».14». 


M    iIloiirA.H. 


0 
1 

t 
3 


'IT 


5 
fi 

7 
8 
9 


10 
11 
IX 
13 
14 


15 
16 
17 
18 
19 


SO 
21 
2S 
23 
24 


25 
26 
27 
28 
29 


30 
31 
32 
33 
34 


35 
36 
37 

38 
39 


40 
41 
42 
43 
44 


45 
46 
47 
48 
49 


50 
51 
52 
53 
54 


55 
56 
57 
58 
59 
60 


4 

3 
3 
3 
3 


.32 
44 

36 

28 


3  20 
3  12 
3  4 
2  5C 
2  48 


2  40 
2  32 
2  24, 
S  1G 


2  0 
1  52 
1  44 
1  36 
1  28 


Hourp.H 


Uf 


56 
56  S 
56  16 
56  24 
66  32 


Sine. 


9.77«^4b 
779C3 
779110 

78013 


57 
57 


4 
12 


4  57  20! 
57  28 
57  36 
57  44 
57  52 


0 

8 


1  20 
I  12 
1  4 
0  56 
0  48 


4  58 

58 
58  16 
58  24 

58  3Si 


Co-«ine. 


9.90235 
90225 
90216 
90206 
90197 


Tajig;ent. 


56  40*  9.78I.30 
56  4}]  78047' 
56  56       78U63| 

moaoi 


78097 


9.78113 
78130 
78149 
78163 
78180 


9.90187 
90173 
90168 
90159 
90149 


9.90139 
90130 
90120 
90111 
90101 


9.7bl97 
78213; 
78230 
78246: 
78263 


9«90U9l 
90082 
90072 
900G3 
90053 


0  40 
0  32 
0  24 
0  16 
0  8 


7  0  0| 

6  59  52 
59  44 
59  36 
69  28J 


4  58  40 
58  48! 

58  56 
69  4 

59  12 


4  59  201 

59  28 
59  36 
59  44 
69  52 


9.78280 
78296; 
78313; 
78329! 
78346! 


9.90043 
90034 
90024 
90014 
90005 


6    0    0   9.784451  9.89947 


0  16 
0  2 
0  32 


6  69  20 
59  12 
59  4 
68  56 
58  48 


0  40 
0  48 

0  56 

1  4 
1  12 


6  68  40 
58  32 
58  24 
68  16 

68  al 


1  20 
1  28 
1  36 
1  44 
1  52 


6  58 
57  52 
57  44 
67  36 
57  28 


0  5 


2  0 

2  8 
2  16 
2  24| 
2  32 


9.78362 
78379 
78395 
7S412J 
78428 


9.89995 
89985 
89976 
89966 
89956 


9.87711 
87738 
87764 
87790 
87817 


9.8784310 
87869 
87895 
87922 
87948 


Co-tang. 


Secant.  iCo-^ecaiit 


10.12289110.0976510 

12262   09775 

12236   09784 


12210 
12183 


12157 
12131 
12105 
12078 
12052 


9.8797410.12026 
88000  12000 
88Q27  11973 
880531  11947 
88079   11921 


9. 88106  10.11895 


88131 
88158 
88184 
88210 


9.88236 
88262 
88289 
88315 
883^1 


9.88367 
88393 
88420 
88446 
88472 


7846  Ij 
78478 
78494 
78510 


9.78527 
78543 
78560 
78576 
78592 


9.78609 
78625 
78642 
78658 
78674 


9.88498 


89937 

88524 

89927 

88650 

89918 

88577 

89908 

88603 

9.89898 

9.88629 

89888 

88655 

89879 

88681 

89869 

88707 

89859 

88733 

097M 
098a3 


10.0981310 
09822 
09832 
09841 
09351 


10.09ti61 
09870 
09880 
09Ub9 
09899 


11869 
11842 
11816 
11790 


10.1176410 
11738 
11711 
11685 
11659 


10. 


11633 
11607 
11580 
11654 
11528 


10.11502 

11476 

11450 

11423 

.  1 1397 


9.89849 
89840 
89830 
89820 
89810 


6  67  201  5  2  401 

67  1S|  2  48 

67    4]  2  56 

56  56  3    4 

66  48  3  12 


6  66  40 
56  32 
66  24 
66  16 
66  8 
66    0 


9.78691 
787071 
787231 
787391 
787561 


9.89801 
89791 
89781 
89771 
89761 


10. 


11371 
11345 
11319 
11293 
11267 


9.88759  10. 
88786 
88812 
88838 
88864 


9.78772 
78788i 
78805{ 
78821 
78837 


9.89752 
89742 
89732 
89722 
89712 


M 


i 


3  20 
3  28 
3  36 
3  44 

3  52 

4  0 


9.78853i 
78869, 
78886' 
78902! 
78918 
78934i 


HovpjiJHoarA.B.I  Co^ii 


9.89702 
89693 
89683 
89673 
89663 
89653 


9.88890 
88916 
88942 
88968 
889941 


9.89020 
89046 
89073 
89099 
89125 


Sine. 


9.89151 
89177 
89203 
89229 
89265 
89281 


11241 
11214 
11188 
11162 
11136 


10.09909 
09918 
09928 
09937 
09947 


M  I 


.22054  60 
22037  59 
22i'20  58 
22003;  57 
21987  56 


.21970 
21953 
21937 
21920 

21:J(«3 


56 
54 
63 
52 
51 


I0.21U87  50 
21870!  49 
218531  48 
21837  47 
21820  46 


.09957 
09966 
09976 
09986 
09995 


10.10102 
10112 
10121 
10131 
10141 


10.21803 
21737 
21770 
21754 
21737 


10.21720{  40 


46 
44 

43 

42 
41 


21654; 


10.1000510.216381  36 

10015   21621  34 

10024   216051  33 

10034   215881  32 

10044   21672  31 


10.1005310.21656'  30 
10063  21539;  29 
10073  2152S  28 
10082  21506'  27 
100921   21490!  26 


10 


10. 


11110 
11084 
11058 
11032 
11006 


10.10151 
10160 
10170 
10180 
10190 


10. 


10980 
10954 
10927 
10901 
10875 


Co-tang. 


10. 


10849 
10823 
10797 
10771 
10746 
10719 


10.1019910 
10209 
10219 
10229 
10239 


10. 


10248 
10258 
10263 
10278 
1028^ 


.214731 

214571 
21440| 
214241 
21408: 


26 

24 
23 
22 
21 


10 


21391 
21375 
21358 
21342 
21326 


.21309 
21293 
21277 
21261 

212441 


20 
19 
18 
17 
16 


16 
14 
13 
12 
11 


10. 


10298 
10307 
10317 
10327 
10337 
103471 


10 


.21228 
21212 
21195 
21179 
21163 


10 


10347[ 

Co-teeaotJ 


21147 
21131 
21114 
21098 
21082 
21066 


10 

9 
8 
7 
6 


6 

4 
3 
2 
1 
0 


M 


•  • 


{ 


■ 

TABLE  XXVIL 

3SS 

Log.  Sines,  Tangents  and  Secanls 

39Dep. 

Dbr.  140. 

1    ^ 

liaatiM 

Hourr-H 

Sine.     1  Co-UDC. '  T«ngi)rt|  Co-Ud^ 

S««i«- |to-««Bi|     M    1 

G  4B     ol 

5  M    0 

S-TSSSV 

ll.B90i<r.  9.9«llt37|IO.0U16» 

10.109,W;lO.3O113   60 

47  5* 

II    e 

79903 

890*0 

WB63I       0UI37 

10960        2OO97I  59     1 

IS  16 

7U9H 

89030 

9('i;B9,       OUIll 

10970 

201)32;  58 

47  J6 

11  !4, 

79934, 

S90ID 

9I1U14      owine 

10980 

SOOGGl  ST 

47  3B 

12  3) 

79950 

89009 

90940       09060 

loygi 

e0050l  56 

ft  47  a 

a   12  4» 

1.79965 

9.8G999 

9.9U9GGI0.O9OM 

lo.iiwi 

10.100351  55 

47   12 

12  43 

79981 

88989 

90992. 

09008 

2001 9I  64 

1!  56 

79996 

88978 

91018 

08932 

1 1022 

4C  M 

13     4 

soon 

88968 

9104SI 

0S957 

11032 

19988^  52 

4A  48 

13  11 

BOOST 

88958 

91069 

oaaji 

11042 

li  46  40 

5  13  to 

U.S0M3 

9.88948 

9.91095 

10,08905 

10.11052 

10.I995T    M 

46  3* 
46  24 

13  U 
13  36 

n; 

88917 
88927 

91121 
91147 

08879 
08853 

1107! 

19941    49 
19916    48 

46   16 

13  44 

80089 

911T2 

0BSS8 

IIOU 

19911    47 

46     8 

13  51 

80105 

88906 

91198 

08802 

ltS3 

19895    46 

6*6     It 

a  14    0 

8.8U110 

9.SS896 

9.91224 

10.08776 

10.11104 

10,1988t    45 

4o  St 

14     8 

8U136 

88886 

91290 

0G7S0 

IIIU 

198641  44 

45  44 

U  16 

80151 

91276 

.08724 

111!^ 

I9S49    43 

45  36 

14  !4 

80I«6 

01301 

08699 

11131^ 

19834    42 

4d  M 

11  3S 

H0182 

88855 

9l3tT 

08G73 

11145 

19818    41 

6  4a  « 

turn 

9. 301 '.I 

y. 88844 

9.913M 

10.08647 

10.11156 

IO,198U    40 

Aa  11 

14  48 

80213 

8SaS4 

91379 

0862 

11 166 

19T8T    39 

45     4 

U  56 

B02'>S 

88S24 

91401 

08596 

11176 

19TT«  38 

S3 

44  56 

15     4 

B0144 

SBKIS 

91430 

08570 

1II8T 

19T»el  3T 

44  48 

15  12 

80»9 

88803 

91456 

06544 

I119T 

197«t    36 

"iT 

6  44  4U 

5  15  W 

9  80ST4 

9,88793 

9.91482 

10.08518 

10.11207 

10.19716    35 

2G 

44  a: 

I.i  23 

B0S90 

9150: 

084^3 

11218 

19710    34 

4t  34 

IS  J6 

e0305 

8877- 

0B467 

11128 

19695    33 

S8 

■44  16 

15  44 

88761 

9155! 

0B44I 

11239 

19680    31 

!M 

44     R 

15  5* 

B0336 

88751 

91585 

OB4I5 

112491 

19664    31 

3U 

G  44     0 

9-80351 

9.BR74: 

9.91610 

10.08390 

10.11159 

10.19649    30 

31 

■  43  SS 

IG    a 

80366 

91636 

0S364 

11270 

19634    29 

33 

43  44 

IG   IG 

B03B! 

91662 

08338 

11280 

19618    IS 

33 

43  36 

16  24 

BOS'JT 

91681 

08312 

11291 

19603    27 

» 

43  IS 

16  35 

80ll£ 

88G99 

08I8T 

11301 

19688    16 

3S 

6  W  JO 

5  16  40 

9.80428 

9  88683 

9.91739 

10.08161 

10.11312 

10.19571    25 

36 

11.  48 

B0443 

88678 

91765 

08235 

1 1321 

19567    S4 

37 

43     4 

Ifi  56 

et^a8 

88668 

91791 

08209 

19541    23 

SB 

4:  56 

17     4 

804T3 

88657 

91816 

08184 

19527    t: 

39 

.     43  4S 

IT  12 

80489 

8H6I7 

91842 

08158 

1135: 

19511    11 

M 

G  4i  40 

5  17  20 

a  80504, 

9-88636 

9.9I86B 

lU. 08132 

10.19496    20 

11 

12  32 

n  28 

B0519 

S8626 
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Table  XXVIII.     For  reducing  the  time  of  ilie  Moon'»  ' 

Table  XXIX. ' 

]>a«age  over  tlie  'Meridian  of  Greenwich  to  the  Time 
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of  !b  passage  over  anv  nlhcr  Meritlkn. 

moon's  altitude^ 
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forParallaxand 

the  Tim 
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34  36 
34  34 
34  31 
34  27 
.34  19 


.34 
34 
34 


14 

17 

3 


33  54 
33  57 
33  48 
33  36 


'.3 
<3 


11 
53 


I 

V 


■c 


■^ 


W  51 
33  nO 
33  25 
33  13 


33 
33 


8 
2 


32  46 
32  40 
32  30 
32  23 
32  28 


32 
^2 
32 
31 
31 
31 


8 
00 

2 
37 

1 
10 


30  44 
30  43 
30  28 
30  28 
30  21 
29  51 
29  51 
29  37 


Long. 
D.  M. 
76  15W 
76  18 

76  34 

77  44 

76  38 

77  44 

76  37 

77  4 
77  2 


75  15 

76  39 
75  35 
75  30 
75  23 
75  9 

75  59 

76  22 
76  37 
76  32 
76  12 
76  46 
76  46 

76  51 

77  14 
77  17 
77  21 
77  30 
77  37 
77  44 

77  55 
7S  00 

78  10 
7^  10 
78  13 


I 


78 
78 


6 
9 


77  47 

77  26 

78  25 
73  39 

78  49 

79  00 
73  55 

78  42 

79  6 
79  48 
79  40 

79  59 
^     7 

80  33 
f^  27 

80  49 

81  3 
81  13 
81  36 


81  43 
81  35 
81  36 
81  35 
81  35 
81  28 
81  23 
181  17 


24  57 
24  52 
24  33 
24  38 
24  25 
24  21 


24  20      82  31 


83    t 

82  45 

83  45 
83  00 
82  23 


1 


JD.    M. 

Muskito  or  N.  Smy 
entrance  A23  52N 

Cape  Canaveral  .1^  IS 

Outer  breakers  off  do.|28  20 

Las  Tortolas  or  Hum- 
mocks     27  35 

Hillshoroufh  Isl.  N.  P.  27  31 

—  S.  P.  .  .  27  16 
Mount  Pelado  or  Bald 

Head 27     1 

Grenville's  Inlet  .  .  26  47 
Cooper's  HUl  .  26  42 

Sand  IIHIs  .    .  26  32 

New  Inlet  ...  .26  17 
Middle  River  entrance  26  7 
CAPE  FLORIDA  .  .  25  42 
Aliol,  N.  P.  ...  25  20 
Cuyo    Largo  or   Long 

Key,  N.  E.  P.     . 

——  S.    Ts*    1  .  .        • 

Sombrero  or  Hat  Key 

Looe  Key    .    • 

Samboes 

Sand  Key  or  C.  Arena 

S.  W.  end  of  shoals  off 

C.  Florida 
Torlu^s    Islands    and 

Ranks-  N.  W.  part    .24  34 

—  N.  E.  do.       ...  2  4  37 

—  S.  E.  do.       ...  24  33 

—  S.  W.  do.  .  .  .24  25 
Key  Marquis  .  .  .  24  30 
Boca  (irande  or  Great 

Mouth        .         .       .24   32 
Key  Samba         .  .  24   35 

Island  of  Pines  .  .  24  42 
Keys  of  Bay  Honda  .  24  44 
Key  Vacas  .  .  24  41 

Key  Agi  .  .  .  24  49 
Cape  Sable  or  Tancha  .  24  50 
Cnpc   Romano    or     P. 

Larga        ... 
Bora  <.«rande  cnt.     B. 

Carios  . 

Boca  Scrraxota    .     .  . 
Spirito  Santo  Bay  eat. 
Keys  .\nrlote 
Keys  of  St  Mnrlin     . 
Fresh  water  Keys    . 
Cayos  de  Ccdres 
St.  Marcos  dc  Apalache 
South  Cape 

St.  Georgc*s  Key,  S.  P. 
Cape  Sl  Bias 
Bay  St.  Andres (E. point 

of  Island  Rosa) 
Bay  St.  Rosa  (W.  point 

of  do.) 
PENSACOLA    . 
River  Perdido 
Mobile  Point 
MOBILE 

Massacre  Island    . 
I.  del  Cuerpo 
Canddarius,  N.  P. 
—  S.  P. 


90  30 
90  19 
80  13 


26  00     81  51 

26  41 

27  16 

27  38 

28  11 

29  42 
29  8 
29  23 
SO  9 
29  48 
29  30 
29  36 


30  21      86  43 

30  19 
30  24 
30  18 
.30  13 
.10  40 
30  12 
30  12 
19  59 
19  28 


TAKJ  XLVi.    Latitodca  uid  Lengitudca. 


-rsn 

rniir 

"cr 

TSST 

D.    M. 

ft.    M. 

0.    M. 

D.   M. 

Key  Breton 

<9  3SN 

89  law 

St.Chri<|-TsorSl.KitU 

Entmnce    of    MISSIS- 

-N.W.pmnt    .        . 

17  84N 

b»  SlW 

SIPPI,  N.  E.        .    . 

29  13 

99    9 

St.  EuatatiiTomi 

17  39 

63  a 

-  U  BolUa        .        . 

»    3 

St    6 

sibi  . 

IT  40 

S3  16 

Us.  E.        .        .      . 

ia  59 

S9   13 

Aval  or  Bird'i  1.   about 

15  40 

i3  40 

as  56 

39  S9 

Barbuaa,  N.  P.    . 

IT  44 

bl  50 

NEW-ORLEANS 

29  57 

90     9 

Bt-  Bartholomew,  E.  P 

17  M 

bi3  40 

2  Baton  Hoiige 

30  36 

91    13 

Si.  Martin'..  E.  P. 

19    4 

63     1 

1  Ung.UUnd 

29  15 

90  14 

Aopiiia,  S.  W.  point    . 

18  13 

63    8 

1  1.  ToaMit,  S.  P. 

3d  58 

W  39 

-  N.  E.  do.         . 

18  18 

b3  53 

3  1.  del  Vino  W.tnd 

«6  Sb 

n  34 

Prickly  Pew 

18  80 

63  15 

Baoeo.  de    Uo.liono 

Lie  or  Dos>,  wewem 

18  19 

b3  «0 

-  8.  P.        .        . 

S8  50 

ti   44 

Sombrero     . 

18  38 

63  30 

-  (V.  P.        .        . 

W86 

M     4 

SL.CrDiiorStCniiE.P 

IT  45 

64  34 

Iron  Point  or  Poinl  Fi 

-  W.  P.     . 

IT  43 

64  54 

29  H 

93     7 

AnegulD,  S.  P.  oraboal 

IS  36 

64    9 

IWPoidt  ■ 

*9  26 

M  39 

-W.  P.     .        . 

IB  46 

64  33 

Point  del  P^««>    . 

i9  M 

93  48 

.  Virgin  Oordt,  E.  P. 

18  30 

64  19 

Riier  Lobo.,  ent. 

19  3! 

rortola,  £.  P.      . 
-  W.  1^.     .        . 

18  88 

64  31 

Silt  water  B«T 

W  86 

»3as 

IS  35 

S4  4S 

Coiutinl  Buy 

W  37 

n  39 

Sl.  John-a    . 

18  n 

64  43 

RLrer  MenoentM 

i9  38 

M  U 

St.  Tbomu 

18  33 

S4iS 

foiat  fnt  river  Sshme 

29  40 

94  57 

BirdKoT      .         . 

18  15 

450 

Serpent  1.  E.  part 
-  Crab  I.  E.  p«n 

18  19 
18  to 

65  17 

II.  JOmJtinUr 

IKrW  fnJ 

«. 

U  15 

L.t. 

Long. 

TRINIDAD, 

D.    M. 

D.    M. 

Cape  St.  John  or  N.  E 

IB  94 

SB  35 

-  Spubh  Town 

10  S9N 

61  30U 

PORTO  RICO    . 

18  39 

S6    9 

-lesque  Point     . 

10    4 

61   55 

Point  BruuiuD  or  N.W 

Point  St.  I'ruciaco 

18  31 

67    7 

-  Point  (Wiote       . 

lO    9 

IS  33 

67  13 

-  Point  Giler. 

to  SI 

60  51 
60  17 

60  43 

Cape  Roio  or  S.  W.  P. 

17  58 

S7    9 

Totago,  N.  E.  Point 

11  39 

Um  MoriUot 

18  00 

57  16 

-sliv.  poinl 

II     5 

Poinl  Coama 

17  55 

56  5(7 

3  Grcn»d«,  N-  E-  point 

IS  19 

61  40 

IT  59 

S5  47 

1-S.VV.  point         . 

11  5S 

61  53 

Shoal            .         .         . 

19  80 

55  50 

S  Gn:n>d>    Bank   Middle 

II  55 

63  18 

~  Bartadoo,  S.  P. 

13    1 

59  36 

Muerto.  latud    .        . 

17  58 

56  30 

fe  -  E.  do. 

13    8 

y)  24 

L>  Moon  1. 

IS    6 

S7  90 

1  —  Bridgetown 

13    5 

59  41 

Moniwi.     .        .        . 

IB    9 

57  S3 

1  -  N.  W.  point         . 

13  18 

59  41 

18  84 

S7S6 

;  SL  Vincent!,   N.   poin 

13  la 

61  31 

—  S.    do. 

IS     4 

61  30 

Cape  Ei^no 

IB  33 

68  SO 

SL  Ltieia,  S.  point 

13  30 

«]  00 

Sionik  I.  E.  pari  . 

W13 

68  31 

—  N.  (to. 

13  56 

bO  56 

Sl.  Catherine'i  I. 

19  18 

69  53 

Manioico,  S.  E.  point  . 

14  34 

bO  56 

Sl  Dommgo 

13  88 

69  51 

—  Dismond  Rock 

H  34 

61     b 

La  CsLilina 

IB    8 

TO  II 

—  Port  Roy«l 

14  36 

61    9 

Cape  Beau 

17  48 

n  90 

—  MacoubB  Point 

14  56 

61  2B 

.UUTclarockaffdo.    . 
Cape  Jacquemd  - 

17  88 

71  31 

Dominiei,  5.  point 

15  14 

18  13 

rs  35 

-  N.  do.        .        . 

15  39 

bl  3U 

Iriand  Baca           .         . 

18    4 

73  38 

The  Sainu  l.lud 

15  52 

bl  37 

Poinl  Grarois 

18  00 

T3  53 

M^^^N.r. 

16     4 
15  33 

il   11 
l>l   13 

•  Cipt  Tiberon 

:  Narau  lalud      . 

18  80 
18  34 

74  29 
73     S 

15  58 

5]  4^ 

Cipe  Donna  Maria 

18  S3 

74  97 

-  N.  W.  do.      . 

E6  30 

Si  36 
bl  32 

Jeremj         .         .         . 

18  39 

74     7 

-  N.  E.  do.        . 

16  X 

Caymilo       .         .         . 

18  » 

73  43 

-  S.  E.   do.       . 

16  11 

Si  15 

Pelil  Uuare 

18  33 

73  54 

Dewid*'      -        . 

16  il 

Si   a 

POE-.AU-PRINCE    '. 

18  39 

79  38 

Anlipi«,'E.P.     . 

17    5 

Sl   44 

18  33 

79X1 

-  W.  point.        . 

17    S 

SSOO 

1.  Gona.«,  S.  E.  P.      . 

18  43 

73  47 

16  49 

S3  17 

-  N.  W.  P. 

18  S6 

73  19 

-  N.  P.      .        . 

16  50 

S3  17 

SLMart      .        .        . 

19    4 

tt  45 

R«dontoI.hnd   . 

(6  5(> 

S3  33 

St.  Nichola  Mole 

19  49 

73  25 

Neri. 

17    9 

68  33 

TonuJa»  W.  P.    . 

->0    6 

79  54 

Si.ChriilraorSl.  KitU 

-  E-  P        .         . 

«)    3 

7i  35 

i—  S.  E.  point      . 

17  IS 

63  38, 

CAPE  Fa.*NC01l 

19  iS 

n  13 

i5i 


TABLE  XLVI.    Latitudes  and  Lonf^tddeff. 


- 

Lat.       i.ung. 

Lat    ] 

L0B|[.  1 

D.    M.  n.    M. 

D.     M.    y 

D.    N>.| 

Port  Dauphin       .        .19  42N7I55W 

Los  Colorudos,  S.  W.P . 

2'Z   19N^  44\^l 

SboalollM.  Christe     J*20    2     ; 

1    10 

""^  *N ,    ti.    L  -                •              • 

a2  58     r 

83    8 

Monte  Christe     .        .'.19  54     : 

"1  4^ 

Point  Junn  ind  .launito  t6'2  t^     \ 

^  31 

Point  Isabella      .         .{19  58     : 

Fl   lO 

Hill  Gua^ibun 

22    [S 

S3  41 

Old  Cape  Francoia        .jl9  40     f>9  ^r,    1 

Kay  Honda 

22  54 

<i3     5 

CapcSamana       .        .'19  16    ,^9    7    | 

Port  Ciibanus 

22  :s 

S2  52 

Cape  Raphael 

19     3     ,b.S  53    1 

i.MARillL    . 

23     1 

62  4: 

! 

'.Kiver  Banco 

23     4 

&2  33 
Se  19 

Monint,  E.  P.      .        .17  oS    JTG    9 

HAVANNAII      (the 

KINGSTON        .         .i!8     1     ;7b  51 

:     Moro) 

23     9 

c 

i  PortKoyal           .        .17  59     ,76  ;V-> 

;  1  Point  (-^scondido  . 

23     S 

81  47 

e\  40 

&1  4-: 

^ 

« 

1  Portland  Point     .         .!l7  4'i     ,77  14      / 

-  Point  (iuanos 

23     9 

f 

\  Pedro  Bluffs                  .  17  50     77  5J     'Z 

"  ii*an  ol'  Miitanzas 

23     2 

j 

»  Black  River          .         .  Id     1 

78     1 

fiMATANZA^i       .          ..23     'Z 

.SI  3b 

Savannah  la-Mar          .il8  13 

78  23      : 

\  Point  Ycacos 

23     8 

*il     9 

Cape  Negril,  S.  point  .[iH  14 

78  37       : 

"•  Stoiio  Key  off  do. 

23   12 

■rl     9 

—  N.  do.    . 

18  24 

78  35      : 

:  Key  Crux  del  Padre 

23    14 

ii«  55 

Montego  Bay 

18  31 

78     9      i 

r  Las  Cabczas 

2:;  lb 

ieO  A^ 

Martha  Brae 

18  31 

77  49 

Nichola^i  shoal 

23   10 

^0  U 

St  Ann's     . 

18  31 

77  22 

Key  Carencro 

22  51 

179  49 

Galina  Point 

18  29 

7b  59 

ivey  Francis 

22  40 

;9  17 

Amatta  Bay 

18  21 

76  51 

Key  William  (northern- 

N. £.  Point 

18  13 

76  20 

most) 
St  Juan 

•;:2  36 

22   14 

78  34 
78  58 

Morant    Keys    or  Las 

Key  Coco  S.  side  Baha- 

Ranas 

17  25 

76  00 

ma  channel 

22  29 

7S  17 

Pedro  Shoals        i 

Key  Point  Paredon  do. 

22  30 

79    5 

—  PorUand  R.  N.  E.  P. 

17  00 

77  13 

The  Barrel  . 

22  25 

77  56 

-- Rattlesnake,  N.  W. 

Cayr.  Confites      . 

22   11 

77  40 

P. 

17     5 

79  13 

Cayo  or  Key  Verde 

22     3 

77  37 

—  South  part 

16  43 

78  26 

Guajava 

21    54 

f77  25 
76  39 
76  14 

Formigas  Shoal,  N.E.P. 

18  34 

75  42 

Point  Mstemillos 

21   40 

—  S.  W.  P. 

18  28 

75  51 

Point  de  Mangle  . 

21    13    , 

UttleCajman,  S.W.P. 

19  36 

90     5 

Point  de  Mulas    . 

21      7 

75  « 

Caymanbraek,  E.  P.     . 

19  43 

79  52 

Tanamo 

20  43    ' 

75  13    1 

Grand  Cayman  S.W.P. 

19  18 

81     5 

KeyMoa     . 

20  44 

74  49 

'~~  Ci.  *  •        *          •          < 

19  IS 

80  37 

Point  Guarico 

20  40 

74  41 

Swan  Islands 

17  21 

84    4 

Baracoa 

20  S2 

74  25 

New  ohoal 

15  56 

79    8 

Naraza       i 

IS  24 

75     3 

Hhoal 

Nativity  bank  or  E.  reef 

19  56 

20  8 

l69    5 
68  41 

Cape  Mayze 

20  14 

74    4 

Superb  "^hoal 

20  59 

68  T9 

C.  Bueno  or  Guanos 

20    6 

74  12 

Silver  Key,  rf.  E.  end  . 

20  15 

169  29 

Point  ent  Cumberland 

—  N.  £.  do. 

20   32 

;69  27 

Har. 

19  54 

75  11 

—  W.      do. 

20  29 

69  59 

St  JAGG  DE  CUBA, 

square     Handkerchief, 

entranoe  . 

19  57 

76     5 

N.  C.  P. 

21    20 

70  23 

Tarquin's  Peak    . 

19  54 

76  50 

—  S.  E.  P. 

20  56 

70  2^ 

Cape  Cruz  . 

19  47 

77  42 

—  S.  W.  P. 

20   53 

70  56 

j  Boca  del  este 

20  19 

79    8 

Turk's-Island,  Grand  T. 

21    30 

71    3 

1  Key  Breton 

21     6 

79  55 

—  Salt  Key 

21    20 

70  5? 

^  Trinidad  river 

21  44 

80     5 

—  ^and  Key 

21    12 

71  10 

S*  Bay  Xagua  . 

21  53 

80  48 

—  Biidymion's  Rocks  . 

21      7 

71  15 

1  Stone  Keys  . 

21  47 

81  45 

Great     Caycos,    south 

*  I^sJardines 

21  37 

81  31      . 

^      Part 

21   31 

71  27 

I  S.  £.  point  of  the  Bank 

21  21 

81  18 

5  —  N.   E.   P.  or  shoal 

V    ^        ^^" 

1  El  JardiuiUo 

21  24 

31  50 

^.     St  Philip 

21   45 

71  89 

Keys  Jardines 

21  24 

92       4        r 

^  —  N.  W.  part 

21    54 

71  47 

1.  Pines.  S.  W.  P. 

21  22 

82  55 

North  Caycos.  middle  . 

21   56 

71  57 

Indian  Keys 

21  29 

82  56 

{>oo6y  Rocks  oil'  do.     . 

21   58 

71  57 

Keys  St  Philip    . 

21  48 

83     6 

Providence  Caycos.  N. 

Point  Piedras 

21  49 

83  42 

W.P.      . 

31   58 

79  21 

Cape  Corientes    . 

21  43 

84  23 

LitUe  Caycos,  S.  W.  P, 

21  36 

rt  S7 

Cape  St  Antonio 

21  54 

84  57 

Key  Francis 

21   31 

72    7 

-^ancho  Pedro  Shoal    . 

22    4 

85  28 

Sand  Key    . 

21  18 

21    I  1: 

72    3 

n  43 

^hoal  discovered  in  1 797 

23    6 

85     2 

Sovlh  Keys  shoal 

TABLE  XLVf.    Z^titudes  and  LonBitudei. 


Lat. 

Lcn.. 

-nr 

i.ons. 

1 

D.    M. 

[).    M. 

D.   M, 

D.    M. 

Klrcjlln^gua  or  ikiie- 

Ucnatd  Stocking  1.    . 

33  iON 

76  lOlV 

.B^,N.  E.P.    .         . 

n   19N 

73     l\\ 

rllK  HOLE  IN  THE 

L  3.  C.  P.           .         . 

21  OO 

73     6 

»VALL    . 

25  51 

77  n 

—  s.  IV.  r. 

20  54 

73  41 

Rock;  point  of  Abnco  . 

2b  14 

77     S 

~  N.  V,.  P.          .         . 

ai    8 

J3  41 

Elbow  TKey            .         . 

26  31 

77  OO 

:f.iHlell(;nea6a,E.  P,  . 

i\  S9 

73  Si 

Man  of  "m  Key 

26  3t> 

77     S 

:-  \v.  p.  .     .     . 

21  as 

73     7 

Great  Gunno  Key 

!6  43 

21  39 

74  00 

!7  23 

78  SI 

B..i« 

Bl   S7 

n  55 

Lit.  Bahama  Bank,  N.P 

^7  50 

79  U 

Majiguara  E.  Brrf      . 

23  17 

78  39 

Memory  Kock       . 

K,  53 

79    4 

-.V  Jo.     .         .         . 

22  30 

73    6 

SandKej    .        ,        . 

ib  5i 

79    1 

-  S.  W.  point     . 

22  20 

73  11 

W  ood  Ksy,  or  C.  Leno 

26  46 

79  00 

,  French  kcja  or  1.  Pta- 

Great   Bab«aul.  W.  P 

36  38 

73  35 

22  40 

73  34 

—  S.  P.        . 

B6  21 

78  3S 

S  Mir.porrOT  Ko»« 

22     7 

74  32 

-E.  P.       .         .         . 

26  19 

78    9 

s,  CtoUe  Island  or  South 

Dog  Krji,  N.  P.  . 
Water  Key 

24     1 

79  45 

a.     l^ej         .        .        . 

22  e 

74  30 

23  58 

79  67 

t  ForlutLC  IjUnd,  W.  P. 

22  30 

74  311 

>  Double-headed    Shot 

a  North  tCc).  Bird  \. 

22  50 

74  33 

Key,  VVeitern   . 

23  58 

W14 

^  Croolr^d  UUind,    \\.  P. 

22  48 

74  IS 

73  SO 

^altKey       .         .         . 

23  39 

80     6 

~  E.  P.        .         . 

It  39 

Anguila.  E.  P.       .         . 

23  87 

79  14  ' 

itwoodn   Kevt,    or    I 

Bermuda      .         .         . 

hamana,  E.  P. 

23     5 

73  3.-* 

—  CJEORGETOWN,  . 

l33  9! 

M  U 

;—  IV.  P.      . 

23     1 

73  49 

74  S7 

—  Wreck  Hill,  wcHem- 

Bum  (Ccy     . 

23  34 

DiMt-Jnnd 

39  IS 

M  50 

/Wlland'sl.  N.  K.  P. 

M     fi 

74  ih 

BeilUtitudetoruiifor 

23  57 

74  37 

Bermuda 

32    8 

irunctplii.ij,  or  l.iUlc  1. 
,<l,  Sa:vidur.or(iuana- 

23  52 

75  16 

IIL  Call  Caul  of  Ammca.  Jnm 

htGulJ 

ban-  ^.  P. 

J3  .W 

75  33 

qfJUtxica  lo  Cain  Horn. 

14  33 
24  33 

84  39 

75  49 

lb  12 

UltleSt.  Sal'vulor.V.P 

Lit. 

Long. 

Elcuthcra  or  Hpltra  I 

D.    M. 

D.    1 

—  Puwel--  Point,   S.  P 

76  23 

Point  Culebrao,  E.  purl 

—  Poiiil  I'lilmrlo 

25  18 

76  It, 

I.  SI.  I.oui.       .         . 

29  ION 

^     i\\ 

—  Jainei  Paint     . 

25  21 

7b  Zb 

Paint  f>t.FranciF.co,  en- 

Haiiwiir lilond     . 

25  29 

lb  50 

trance  ofBat^t.  Ber- 

EKgLland. W.  P. 

25  2e 

77     6 

nard         .        .        . 

28  59 

'%  55 

Nait  Providence  . 

Honte  Inlet 

28    8 

^7  3S 

—  NAS3.\U 

25     S 

77  22 

Point  of  the  Const 

26  46 

W3S 

—  E.  P.        . 

24  a9 

77     9 

BardeSLJago    . 

26    5 

^97  SI 

J  —  IV.  P.       . 

24  59 

77  3.i 

Rirer  Brabo,  cm. 

35  55 

^7  96 

|IAndro<Ulin(!>,  S.  P. 

24     4 

77  4i 

RiterSt.  Fcmnndo.eTiL 

25  32 

97  S2 

=  -.\.  P.      .        . 

25  24 

78     3 

Inlet,  to  Lag«n>  Madre 
Barde  la  Slarinc,  en- 

25     8 

97  41 

|:BerT)-  Islands,  F.ailcni 

25  32 

77  41 

1 -Northern         . 

23  49 

78     1 

^   trance  river  St.  Ander 

23  45 

17  59 

^  _  lircal  Harbour 

ih  49 

79     5 

Bar  del  Tonlo      - 

29  52 

97  57 

~  Little  lilac,  Eiwlrrp 

iS  67 

78  46 

Mount  Commnndantc  . 

29  48 

^58 

^  Urast  Iiaac 

i6    1 

79    2 

DttrdelaTrinida.l 

23  39 

^7  57 

U  Bpmini  Ijlnnd,  norlhrn 

BnrCic^    . 

22  34 

97  58 

fpe'.h  nat<:r  key 

go  43 

79     8 

Rircr  f  ampico     .         . 

23  16 

»     9 

Cat  Key        . 

a  23 

79  10 

Point  deXercs     .        , 

21  55 

»7  4.'i 

Hiding  Rooks 

25  ]7 

79    4 

CipeRojo   .        .        . 

21  45 

)7  35 

nrarjc  Kcyii,   North 

24  53 

79    h 

Famiaguii  City    . 

21    16 

)7  45 

~  South      . 

24  53 

79    h 

Ki.er-l-u,pi,n.cnt.        . 

21      1 

97  30 

23  44 

79    1 

Point  Pierlrns        . 

20  SO 

97  SI 

hcrUboi   . 

22  25 

77  31 

River  Caione*       . 

20  44 

97  15 

LasMurira. 

22  10 

77  12 

reiiBstei|ue|ie 

20  40 

97  13 

^outh  odge  oDhc  Bank 

as    5 

76  32 

Boca  de  Lima 

20  37 

97    1 

Ktj  St.  Domingo 

11145 

75  45 

River  Tocolula,  ent.     . 

20  30 

97     1 

-t.  VioecDfi  Shoal 

21  5e 

75  19 

Mount  Ooitlo 

20  28 

96  57 

Kej  VcrJe  Uland 

29     1 

75     5 

River  Nanta,  cnl. 

20  16 

%  SO 

Kejaj        .         .         . 

«a  12 

75  41 

River  Palinn,  ent. 

20  10 

%  45 

Vum.  OT  Uns  I.  3.  P. 

32  49 

74  46 

Point  Piedraa        . 

20  00 

96  35 

-  N.  P.       . 

23  30 

75  19 

Riyerde  Santa  Noi.      . 

19  S5 

%  30 

,E»uin>.  N.  W.  p.        . 

iS36 

7S  51 

TABLE  XLVI.    Latitudes  and  Langltudn. 


D.    M. 

,^B: 

1 

D.    M. 

^ 

<;  Point  DelMida 
1  Point  N.  Andrea  . 

19  &9N 

96  96W 

B.TA.«i»ion,ent.      . 

19  S6N 

08  n 

19  « 

»6S1 

.land  Cosumel,  N.  P 

»i  11 

S6  31 

i  Point  dcBcmcl     . 

19  40 

96  21 

—  a.  E.  P. 

19  sa 

96  31 

2,  Biver  St.  JobD  Angel 
9  Point  de  S>n.pola 

19  32 

96  20 

Bio  Hondo,  ent.  . 

19     4 

83  1? 

19  32 

96  SO 

1.  Ubero,  N.  P.     - 

19  W 

SS    J 

19    a 

97    9 

-S.  P."      .        . 

19  22 

87  33 

19  30 

96  16 

1.  SI.  Cni 

IS  20 

97  iS 

1  Rim  at.  Carfo*  . 

19  26 

%  15 

Ker  Jaieos 

18  14 

37  SJ 

19  20 

%  U 

North  Keer 

IS     fl 

97  5C 

19  15 

96    4 

Chief  Channel      . 

17   54 

W  Si 

VERA  CRUZ      . 

8  St.  John  de  Dllott 

19  n 

96    4 

Uallis'9  River,  enu 

17    S2 

as  M 

19  15 

95  59 

El  Cbiiichorro  I.  N.  P. 

18   53 

87  11 

1  X«napl        .         .         . 
;  River  Meddlin,  en(.     . 

19    -1 

96    6 

—  S.  P.  ofsbool 

19    19 

B7   b 

19    6 

95  S9 

Misteriora  1. 

18  3S 

Kti 

Point  AuloQ  Liaudo     . 

19    4 

95  43 

V.cioiil.       .         . 

1^   00 

EHM 

Qu-^cAlvsnda  . 

IS  46 

98  38 

17   21 

H   1 

Tlurolalpan 

IS  35 

9;  29 

South  Kej..  N.  P. 

17    30 

nit 

Vigia 

IS  3S 

93  IS 

-  Hat  Key,  S.  P. 

17   00 

W   3 

l*oinl  Koca-Partida 

IS  40 

91  59 

[.ongcKtTe,  or  Ulorer-a 

Point  Morilloa 

IS  41 

91  51 

Rcer.  S.  P.        . 

16   91 

B7« 

Tujlk 

IS  IS 

95     5 

■5,ipotilla)Key.,  S.  E.P 

th  00 

8«li 

Point /apolitan    . 

IS  31 

94  41 

1 

Ratun  1.  E.  P.    . 

lb   24 

atta 

Point  \itarnl 

IS  27 

91  37 

—  VV.  P.       .         .          . 

It.   13 

»i7 

'Oint  St.  Jolin      . 

tS  19 

91  af 

Ouanjja  or  Bonscca  1. 

16  3» 

«    7 

Btfriilt 

13     7 

M  27 

Paint  M.nabiqne 

13   39 

Wffl 

IS    s 

94  12 

loioa            .         . 

15   37 

JTS- 

RinrTonclida    . 

16    6 

93  55 

Pomt-U      .         . 

15  47 

17» 

EUverSt.  Ann      . 

18    8 

93  41 

I'riunrodolaCruE 

13   41 

iTi; 

River  Cupilco 

tS  13 

93     9 

LUillal,  N.  P.      . 

lA  DO 

0    t 

DoiBocu   . 

18  13 

92  45 

Trurillo       . 

13   53 

fe    6 

River  ChitCepeque         . 

IS  14 

92  39 

CapeDelegado.orHon- 

Riter  TBba.co      . 

IS  29 

92     7 

J^.ra-1        .        . 

16  DO 

Mil 

River  St.  Pctcf  St  Paul 

18  27 

91   54 

CapB  Cameron     . 

16    f 

SI  lO 

Point  lie  alango    . 

IB  44 

91  29 

Capo  1-aiM 

15  14 

»     3 

Iiland  Carmen     . 

IS  46 

91   M 

Cnpe  Gracio.  a  Dio*     . 

14  57 

B46 

Point  Eicondido  . 

IS  50 

90  51 

Caione.,  W.  P.   . 

16     S 

Bin 

River  Chen 

19  20 

90  36 

-  S.  E.  P.  .        . 

15  41 

p»r 

Point  Mor™ 

19  40 

90  39 

Cajmmn  or  Vitorilla      . 

15  46 

av, 

CAMPECHE 

19  SO 

90  30 

KejJohoThoiDaB 

15  23 

!l  « 

Point  DeseoDoeida 

20  5S 

90  29 

AI«gBr<aAll»,N.VV.  P. 

IS  21 

92    S 

Point  IJorda 

21     6 

90  19 

- 1.  E.  P.            .          . 

15      5 

n  31 

Point  Pi,;dr«        .         . 

n    9 

90  13 

Ifemmila     . 

16      5 

id  t 

Esil       .          .          .         . 

SI   20 

89  19 

SerranaorPcarll.N.P. 

14   46 

7*47 

M.CUr,      .         .         . 

31  22 

98  45 

-3.  P.        . 

14  23 

79  il 

BoeiD  Ju  Silan     . 

it  26 

83  23 

Guana  Reef*,  N.  P.       . 

14  -19 

»41 

Ei  Cuyo 

31   30 

97  43 

-  S.  P.       . 

13  59 

»41 

hlandJotva>,N.  P. 

31   30 

S7  11 

Iloneador    . 

13  39 

79  4i 

Uluid  Ronton  ^'  P' 

21  36 

^6  63 

1 

Mu.kctecr* 

13  S7 

79  4b 

LwArcai  Ulandi 

M  16 

91   51 

Providence  1.  N.  P.      . 

13  87 

W» 

Bull  Obi.po 

iO  32 

92     5 

1 

Mu«iuiio  Kej.,  N.  P. 

14  49 

a  a 

Tfianglr.  lilnnd. 

10  59 

92     7 

Ned     Thomas'    Keji, 

New  Sboil 

30  3^ 

91   SO 

S.P. 

14   13 

n  SI 

B^.Neuv«I.      . 

21  51 

91   48 

Bracman'.  Bluff  . 

13  SI 

W  50 

Iilan'l  Arenai 

23     7 

91   26 

Man^r^VwKeJ. 

13     4 

M» 

Little  Com  Inland 

12   19 

M    6 

'■  Sh™''"^  ."'  ^" 

aa  3f. 

91  81 

Gnat  Corn  Ul^nd 

I«   10 

n  11 

92  54 

Baio^'iBal     . 

21  27 

90     2 

BluefiEldi.  ent.     . 

11    50 

AUcr>n       .        . 

a  29 

39  26 

I.  St,  Andrciv,  mid.       . 

IS   31 

81  00 

M.partofBanlfoirtliL 

E.  3.  E.  Key. 

12  89 

10  41 

coast 

33  43 

88  43 

9,  S.  W.   Key,  or  Al- 

N.  E.  do.     . 

23  27 

86  37 

hurquerquo 

12      6 

il    8 

L  de  Mugorc.,  or  Wo- 

Paioro Boio 

11  so 

SS49 

men'.  1.   .        . 

21  18 

86  48 

St.  John's  Point 

10  41 

32  51 

1.  Canliiin,  S.  P.  . 

20  42 

96  58 

1 

PortBoco  Toro    . 

9  39 

n  5 

Nrn  River 

20  26 

87  15 

1.  E<cndo,  N.  P. 

9   14 

»  jj 

20     S 

97  34 

f 

RlMr  CbaKre.  enl. 

-L2L- 

1 

1 

m 

■ 

■ 

■ 

^^ 

S4S 

Ut 

L^ong. 

Un.  < 

Tsn 

0.    M. 

D.    M, 

D.    M. 

0.    M. 

PORTO  BELLO 

»  3JM 

79  35«  1 

NtwBarKlDtii     . 

10    SN 

64  46W 

n^Uoa  I.  N.  P. 

9  40 

79  31       i 

I.  BonraiJio          .        . 

10  SO 

64  48 

l>oial  Muiuiillo 

9  Jfl 

79  ao     j 

78  40      3 

-Santc  Fn      .         .          . 

to  16 

M  31 

Powt  -^t.  BlM      .        . 

9  13 

10  ST 

64  IS 

■»  19 

77  53 

Araj« 

10  35 

64  80 

l,f<;ofPi«<         .        ■ 

e  55 

77  39 

10  4S 

63  54 

|r»,«  riburon       . 

3  40 

77  S9 

EwDDdido    or    Hidden 

ki.«r  ^uuiquilli.  enl.    . 

7  57 

76  54 

Port         .        . 

10  41 

*3  8T 

i?oinl  C.™lMn«     - 

9  JT 

76  5T 

C«p.  H^p»qu 

10  48 

3     4 

'Poinl   .rtolclM     . 

9  49 

76  3a 

CapcThrwPoinl. 

10  46 

63  44 

iWand  Fuerte 

9  SO 

76  13 

Point  Gilcn 

10  45 

63  33 

fl.  -1,  Be™r(t.N.W.P. 

9  4S 

75  50 

Point  Pina  Dr  8>Uu 

10  44 

61  53 

g'C«r«\GEN,* 

IQ  Si 

75  i9 

nnpm',  Moutti  . 

10  41 

61  48 

'  r.Altn  d«  >«nl« 

10  49 

To  80 

10  IS 

68  43 

^Vbi  eot.    Ri.er  Mag- 

Point Mor™ 

9  S4 

61  58 

dalen 

II     3 

74  S6 

Oronoco  Rtier      , 

8  25 

60  96 

*t.  Mutbi  . 

11   15 

74  li 

Cape  Banna 

S  32 

60    4 

C»pe  Apij» 

11  «1 

[EsMqiiebo  Riter 

7  00 

58  20 

|B,nk  ?4.rio  quebndo  . 

11  36 

73  11 

DEMERARAmer.ont 

|H>rba 

11  31 

7S  56 

Coirotaano  Point 

6  49 

57  58 

ICqw  h  VtU         ,         . 

13  11 

73  H 

R>Ter  BeriMce,  Enl. 

630 

57  11 

'Po.nl  GM«^       .        . 

HS7 

71  41 

aUKlNAU  Riier,  •at 

S  59 

55  15 

MouM   Iflandf,  N.  P. 

18  Jl 

ro  59 

R.  Marauri.  entraoce 

5  49 

5S  15 

It  IT 

71  17 

5  50 

53  59 

.Point  Eaptdi        .        . 

IS    5 

CAYENNE 

4  56 

59  IS 

Si.  C«r1o>    . 

11     1 

OfBpock  RiTet.StLouii 

3  51 

SI  40 

M.U&CATBO    . 

10  43 

71  17 

Cap«  Orange 

4  IS 

51  SO 

Cora 

II  94 

M  *(• 

R.  Cusipour,  eotrHD« 

3  S4 

51  10 

Point  Cardan 

11  3S 

70  30 

Cape  Nortb 

1  48 

SO  10 

Point  MicoUt 

IS     6 

70  19 

UoothofRiierAmuo 

0  19 

50  00 

ICkpe  St.  ftonui 

13  IS 

70    7 

Caps  MacoKBT     . 

0  179 

47  56 

llilud  OruK  N.  W.  P 

13  is 

70    9 

Point  Tanoca      . 

0  33 

47  98 

1-  S.  E.  P. 

12  35 

69  58 

P.ta    .         .         . 

t  88 

47  5S 

iPoLnl  AricuU 

69  53 

Baj  ManuruDO     . 

0  3T 

47  lO 

U   S3 

69  Irt 

Caite  Hub. 

0  47 

46  33 

pol^UoidT ; 

II  14 

se  35 

Cape  Gunpi 

0  43 

45  SS 

K.r  Borwho      . 

10  ST 

68  19 

9ba>l           .        . 

0  53 

43  40 

TuJwu        .         . 

10  SI 

liUnd  of  St.  Joao 

1  IT 

14  1$ 

PORTO  CABELLO 

10  M 

Bajor.Mt.Uij. 

1     6 

45  18 

V,ten^i.      .        . 

10  19 

BajdeCabalodeVelh 

1  30 

13  54 

^Ipaiot  St.  Joko  Aadtf 

10  30 

67  48 

Point  of  B.Atiu) 

8    3 

13  44 

Z  Point  Orkan 

10  U 

67  IT 

lUculunii     . 

8    7 

43  50 

flPointTrinfbe™   . 
J  LA  GUIRA 

10  36 

W    4 

3.  Marco*    . 

3  37 

43  40 

10  37 

&6  S9 

Vt.  do  AUeantn 

8K 

43  47 

SjCARKACCAa     . 

10  30 

b6  57 

389 

43  40 

CcntinclB  L  ar  ntule 

Coroa  Grande,  or  Crea 

1    Rack       .         . 

10  SO 

b6    6 

Cronn  Banks,  N.  E 

:C.p«  Code™        . 

10  36 

66    5 

Point       . 

3  13 

«18 

ICui^i  [.  N.  p. 

IS  94 

69  13 
6e  46 
66  41 

PindotLaneouGrande 

3  19 

43  40 

-  S.  E,  P. 

IS    S 

1.  St  Anna 

3  19 

43    S 

IJtile  Conco      . 

II  59 

S83 

48    4 

'^r":'-. 

12  31 

B8  36 

lquar>«u  ent.  Pantbaib. 

844 

41  SO 

18    8 

6a  IB 

8  44 

40  IS 

Sinl)  ar  Af»  L  wesleni 

12  00 

67  43 

Corai  de  Caraeu  '. 

8  48 

S9  44 

—  Euiprn 

11   59 

67  S9 

Mount  Mclanciu  Poin 

3    T 

39    7 

Roc«,  W.  P.        . 

11  SI 

>6  59 

Searra 

3  S3 

38  87 

-  E.  P.      .        . 

11   SI 

&6  3a 

Bajrigoape  .        . 

3S  14 

On^billi  t. 

n  49 

66    5 

3  53 

33  V& 

BlaoFi  1.      . 

11   59 

61  40 

91.  Lor^^hw         . 

J  57 

J7  59 

10  ST 

65  19 

Faint  Daolel 

4  49 

17  94 

We^^nitheninU. 

11  46 

61  37 

BuoadoSaliDo     . 

4  40 

37  00 

M.i™iu.  W.  P. 

11     9 

64  38 

Point  Pcdnu 

4  S3 

36  »8 

11  00 

63  50 

Capa  St.  Roqoe     . 

5    8 

IS  38 

1.  CiMf^or'poBril. 

10  49 

61  14 

Hirer  Puihiba.  eot. 

648 

35  10 

Frian  I.      . 

11  14 

63  49 

L  Ttt»rl« 

7  46 

M  57 

1  Sola 

11  30 

63  IH 

8  11 

35    9 

T»«igM  I. 

n  M 

M    9 

839 

34  n 

^_ 

UrtfOntoiUtML 

10    fl 

1.5  33 

Rio  3l.  FratiriMo            ■U<t  %t 

_ 

■ 

&56 


TABLE  XLVI.    Latitudes  and  Lougitudes. 


& 


€ 


ST.  SALVADOR  (Cape 
St.  Antonio)     . 

I.  (Iftt  Ilhos 

Porto  >>eguro 

\broblo9  lalandu 

Gspiritu  Santo 

Cape  St.  Thomas 

^t  Ann's  Islands 

John's  Is.  St.  Ann's  Buy 

Anchor  Isl  ind 

CAPE  FRIO 

Monks  Inlands 

Point  N>gra 

Maurice  (elands  . 

Razor  I.  oiV  R.  Janeiro 

Point  St.  Cruz      . 

R(0  fWElROharh.  . 

^ugar  T.oaf 

River  lumrati'ia   . 

Point  Mnranbaya 

I.  Grande  S.  P.     . 

Point  Joantinga    . 

I.  J^L  Sebastian,  N.  P. 

■"^  ^»  » .       .        • 

Mount  Trigo 

St.  Catherine's  Island  . 

Porto  St.  Pedro    . 

Cape  Sl  Mary    . 

I.  Lobos 

Maldonado  harbour 

Point  Piedras 

MONTE  VIDEO 

BUENOS  AYRES 

Cape  St  Antonio 

Cape  I^bos 

Cape  Corientes    . 

Point  de  Neuva    . 

'^t.  Helena  .        . 

St.  George's  Bay,  C. 
Cordova  . 

Cape  Blanco 

Point  Desire 

Port  St.  Julian,  ent. 

St.  Cruz  harbour 

Cape  Fairweather 

Cape  Virgins,  northern 
point  of  entrance  to 
Magellan's  StraiU     .  52  24 

Cape  Espirito  Santo 
(south  point  of  en- 
trance to  do.)  . 

Terra  del  FucgoC.Penas 
Cape  St  Diegu 

Staten  Land 

—  C.  St  John,  east- 
ernmost land  ncarC. 
Horn 

—  C.  St  .Bartholomew 

—  C.  del  Medio  entr. 
toLe  Maire's  Straits 

New  Island  E.  part 
Evouft  Island,  middle 
Bemabelas  Islands,  E.P. 
CAPE   HORN.    South 
part  of  Hermit's  Isl.  55  63 


D. 

13 
14 
16 
Id 
20 
21 
22 
22 
22 
23 
22 
23 
23 
23 
.•22 
22 
22 
23 
23 
23 
23 
23 
23 
23 
27 
32 
34 
35 
34 
35 
34 
34 
36 
36 
37 
42 
44 

45 
47 
47 
49 
50 
51 


Lat 
M. 


IS.  3S 


I  .ong. 
D.  M. 


52 
40 
00 
11 
59 
22 
35 
44 

1 
59 
00 

2 

5 
57 
52 
58 
10 
17 
22 
27 
36 
52 
59 
32 

9 
39 

2 
56 
29 
54 
37 
21 
55 
59 
55 
30 

45 

15 

45 

7 

19 
34 


52 

53 
54 


54 
54 

54 
55 
55 
55 


40 
45 
37 


48 
57 

49 
17 
32 
44 


38 

39 

38 

39 

40 

41 

42 

41 

42 

42 

42 

42 

43 

43 

43 

43 

43 

43 

14 

44 

45 

45 

45 

43 

52 

53 

54 

54 

57 

56 

58 

56 

56 

57 

64 

65 

67 
65 
66 
67 

68 
63 


S2\V 

50 

00 

22 

33 

40 

46 

5 
50 

.6 
29 
41 
56 
16 
16 
IS 
17 
39 
58 

9 
22 

2 

2 

4 
00 

2 
58 
42 
50 

2 

4 
24 
45 
47 
39 

9 
27 

25 
57 
2 
42 
29 
59 


68  25 


68 
67 
65 


63 

64 

64 
66 
66 
66 


26 

29 

5 


42 

39 

48 
25 
47 
46 


67  21 


s. 


IV.     IVest    Coa$t  of  •America  /romC^ 
Horn  to  ley  Cape. 


I 


Lat. 
D.    M. 

55  59S. 


»\oo  56 

.'55  42 

.J55  27 

54     7 


52  4 


CAPE  HORN     . 

I.  Diego  Ramirez  S.partjob  32 

—  N.  part  .J56  25 
I.  St  lldefonso  S.  P. 
Terra  del  Fucgo 

—  False  Cape  Horn 

—  Yorkminster    . 

—  C.  Gloucester. 

—  Cape  Pillars  S.  W. 
entrance  to  Magel- 
lan's ^traits 

Evangelist  I.   W.   entr. 
Magellan's  Straits     . 
Cape  \'ictory 
Cape  St  Jago 
Cape  Three  Points 
Cape  Corso 

I.  Campana  N.  W.  point 
Cape  Tres  Montes 
Cape  Taitaohaohuon 
I.  Huafo  \V.  part 
P.  Quilan     . 
P.  St  Carlos 
P.  Quedal    . 
P.  de  la  Galera    . 


52  34 

52  25 

50  54 

h»9  46 

49  26 

4S  00 

.146  59 

.45  51 

.144  00 

43  41 

41  49 

.141  5 

.139  54 


VALDIVIA,  entrance  .139  51 


( 


^ .  P.  Tirua 

^  I.  de  la  Mocha  W.  part 

St.  Maria  Islands  N.  P. 

S.  P. 

^  CONCEPTION,  city    . 
J  Talcahuano.  port  of  do. 

Santiago 

VALPARAISO,  port     . 

Point  Ballena 

Coquimbo    . 

Huasco 

Copiapo 

P.  N^ra     . 

Isl.  St  Felix,  Eastern 

—  Western 

I.  Blanca 

Morro  Moreno    . 

Morro  de  Mexilones 

Point  Tames 

Jaguey  de  Raquisa 

Pavellon  de  Pica 

Point  Piedras 

Point  Pisagua 

Aric& 

Point  de  Coles 

Ilo       . 

Point  Comejo 

Cumana 

Atico 

R.  St  Juan 

Los  Amigos  Point 

Pisco 

Caneta 

P.  Chilca 

I.  St  Lorenzo,  W.  P. 

LIMA 

CALLO,  sea  port  of  Li< 
ma 


38  29 
38  20 
36  59 
.37     5 
36  49 
36  41 
33  27 
33     1 
31    50 
.29  56 
.'28  26 
.27   10 
26  24 
26  20 
26   16 
24  56 
23  18 
23     4 
22  33 
21   50 
20  58 
20     5 
19  26 
18  27 
17  42 
17  38 
16  41 
16  17 
16     8 
15  15 
14  27 
13  46 
13     I 
12  33 
12     5 
12     3 


Lobe. 
0.   M. 
.  67  21W 
68  36 
68  45 
fi9  17 


ti8    8 
70    4 

73  35 


I 


11 
III 


74  57 

75  5 

74  57 

75  30 
75  45 
75  45 
iJ  19 
175  27 

73  28 
174  42 

74  21 

73  53 

74  9 
73  46 
73  33 
73  46 
^4  3 
73  41 
'73  42 

b  9 

3  12 
'0  43 
71  37 
71  44 
71  19 
71  15 
^*\  8 
70  56 
7947 
80  3 
70  36 
70  32 
70  28 
70  10 
70  9 
70  16 
70  13 
70  19 

70  19 

71  14 

71  13 

72  46 

73  21 
73  47 

75  14 

76  2 
76  12 

76  27 
7«  43 

77  8 
7«  55 


TABLE  XLVL    Latitudes  and  Loaptuda*. 


-TT- 

i.Ol.g. 

Til. 

-cr 

D.    M. 

D,    M. 

D.   M, 

D.M. 

1.09  llDRiicu  Hand!  . 

1.  PefailB      ■ 

11  5bS. 

77  48H 

\pialfo        .        .        - 

16    8N 

96S2W 

11   87 

77  41 

VC.VPUI.CO 

16  55 

100  54 

jlflMil  St.  Martin. 

11      3 

77  30 

C«pe  Corknie.    . 

W  33 

105  35 

Poini  SantanJcr  . 

10  ^9 

77  n 

31.  Blo 

il   30 

IM  60 

^  Ro<*t«cnia  1731 

10  48 

7a  48 

VruManu. 

U  93 

106  39 

MfTroKciHrsocel. 
'|Tru»aio 

11 

75  30 
78  53 

Sl.Jo,«ph    .         . 
Cupe  Sl  Lucu     . 

23     4 
23  44 

109  41 
109  54 

Ut.  [.olKuileMrr. 

7  -18 

6  53 

79  il 

SO  44 

MorreHcnnosa    . 
Redondo  Itlitnd    . 

37  46 
39  49 

IM  11 
115  10 

\r\.  I.obu3  ilcTierre 

6  3-t 

SO  46 

Bajr  Sl  FrBnciwo 

30  23 

115  36 

6  id 

79  49 

B.  Todos  Snotoi  . 

31  46 

116  38 

Point  dr.ljap      . 
Point  F»>U  . 
Cape  nianeo 
P.  Mnlpelo   . 
GUAVAQIIL  Ci(j 

5  59 

SI     4 

PortDiogo   .        . 

39  39 

116  59 

5     3 

SI    a 

Point  Conception . 

34  39 

190    6 

4  19 

SI     6 

Moutervy     . 

36  39 

181  43 

3  3a 

60  17 

Port  St.  Franciico 

37  49 

188  14 

3  IS 
3    4 

79  43 

SO     8 

Cape  Mendocino  . 
Port  Trinidad 

10  19 
41     3 

124    7 
193  54 

Point  ^t.  Helena  ■ 

a  10 

SO  48 

Cape  Blanco  or  OrTord 

48  63 

194  85 

i.  Pclailo      . 

1  56 

BO  36 

Cape  Gregory       . 

43  86 

194     6 

Point  ilet  Callo 

1  83 

SO  34 

fe 

Cape  Fou(NT:alher 

44  53 

184  00 

1.  <lelaPkt^W.  P.      . 
Cape  Si.  Lorenio 
£  .MaaU 

1  18 

SO  57 

£ 

Cape  Rond  . 

45  43 

193  43 

1     4 

SO  43 

1 

Cape  Diwppointment 

46  19 

193  59 

0  57 

SO  38 

= 

Cape  FlMtrrr 

48  34 

194  31 

i  Cape  PRM<]0 

V  Qfiilo  .... 

SO  80 

Brrokrr's  Point    . 

■19  34 

186  96 

0  IB 

78   IS 

.3 

NOOTKA    . 

49  36 

196  SO 

Arbol 

0  I5N 

79  48 

Woodj  Point 

iO    6 

197  43 

Cane  St.  Frtneisco 
P.  de  la  (inhin 

a  39 

79  59 

Bflj  St.  Loui. 

50  34 

188  14 

048 

79  SI 

l.le«deSarlLne(oreeott) 

30  S6 

138  50 

0  58 

79  33 

Cape  Srott  . 

50  43 

198  SO 

P.  M»n^«  . 

1   37 

78  58 

.fe 

Cape  Cnution       . 

51  18 

197  58 

I  47 

78  33 

Cape  [lector  or  Jam e. 

51  57 

131    7 

2S9 

78  83 

BaydelaTouche. 

133  10 

1.  Goigonn  mid'He 
Ri«r  Cijambrie,  cnt    . 
1.  de  Malpelo 

a  .i3 

73    7 

CBpellcorr-        . 

58  61 

139  87 

3  19 

77     3 

B.7deaouard    . 

53  52 

133  91 

3  55 

BO    4 

Point  North . 

54  SO 

133  IS 

3  57 

77     7 

Tqie  St.  Bartolomo 

53  13 

133  38 

P.  Cfainml'in 

4  13 

77  li 

C.|».Omn>«.ey    . 

56  13 

134  36 

_  Cnpc  Concniea      . 
1  P.  St.  I'mncixD  Solano 

i  34 

Port  Guibert 

56  38 

135  00 

b     3 

Port  Ncckar 

56  43 

135     4 

6  49 

77  47 

CEnganoorEdgeeumb 

S7     9 

133  M 

.=  P.  CaracbinE 

S    B 

78  13 

57  10 

135  43 

PAN.\M.A   . 

8  57 

79  28 

Port  dc  loi  Eemedio* 

57  8-1 

135  43 

P.  .Msla 

7  24 

79  33 

C»pe  Cro«  .     _  . 

S7  57 

136  94 

Pcurcon  Point 

7  13 

80  13 

Port  dcs  f  ranrnl<  ■ 

58  37 

137  90 

I.  Quibo,  N.  P.      . 
I.D)  Ln  J  rones 

7  41 

31  37 

58  53 

137  58 

7  52 

SS  30 

SchrinK*  Bay      . 

59  18 

139  00 

S    3 

81  50 

Pointer  la  Boii«!Ole 

59  50 

140  S5 

tiiilfc  Ualce,  W.  P 

8  £3 

33  18 

Mount  SI.  F-liiu    . 

SO  83 

140  4S 

I.Canocnt.  offEn^tiib 

Cape  Ilincliinsbroke 

M  15 

14a  16 

ISl  9fl 

e  4S 

83  51 

Cape  F.liiabelh    . 

59    9 

Cape  lIcTTa.lura   . 

Cupe  Blanco         .        . 

MeojB 

Motto  Hermoso   . 

P.  St.  Calharine  . 

9  37 

R4  31 

Barren  l>lei . 

59  00 

191  46 
159    6 

152  .iO 
151  46 
159  00 

153  40 
156  44 
169  » 

9  'iS 

84  41 

Point  B>Dl» 

58  41 

0  42 

S4  57 

Cape  nouglatt      . 

58  56 

9  45 

10  89 

95     5 
Si  42 

CapeWhiUunday. 
Cape  GiTDville      . 

58  IS 
57  33 

St.  John's  Har.    . 

11  83 

is  44 

Trinitj  Idanda      . 

56  36 

PoinI  DeioUdo    . 

11  49 
13  38 

S6  40 
36  46 

Fofcgy  I>laiid 
Halibut  Head  laland 

56  10 
54  97 

Reilejo 
AHTnulom. 

IS  87 

87    S 

Ounelaahkaltland.N.P 

53  55 

166  19 

IS  3a 

37  80 

Briilal  H.  enlfanro 

38  13 

l.i7  33 

Faint  Ceiienina   . 
Point  Candadillo  . 

IS  5J 

87  37 

Boand  Wand 

58  99 

13    7 

87  57 

.- 

Cape  Newnbam   . 

58  34 

161  66 
161  59 
159  17 

i6l  63 

13  S6 

88  47 

Sboalnetis     . 

60  00 

|fi3  33 

Point  Bemediai    . 

IS  30 

89  43 

i 

Cape  SlephfOi 

P.  (Jaulimila 
PuFTta  \ento«9    . 

13  &4 
16     6 

90  53 
9=  93 

Cape  Oriibigh        . 

64  17  , 
164  34 

TABLE  XLVI.    Laliludes  and  Longitudfs. 


-nr- 

D.    M. 

i.o„5. 

-nr- 

D.  M. 

ohi 

Cip*  Prince  of  Wales 

65  -IjN 

IbH  ITIV 

Bichibiicto  Harbour 

46  44N- 

64  361 

C^M  Mulgravc    . 

b;  45 

ibs  la 

Cipc  Liiburnc 

119    6 

u-5  as 

? 

St  John's  L(N.  Cope) 

47     5 

63  45 

ICY  CA.PE 

70  fi9 

161  48 

i 

We.t  Point.'       . 
Cpe  F^oiont      . 

46  37 
46  «8 

64  10 
63  51 

v.     From    Ihc  Sirir  Si.    Vroix 

lo     CBpi 

HiUrai  Bay 

46  S5 

63  36 

Cam 

Eait  Point  . 

46  37 

il4a 

I.at 
.M.  D. 

I-ong. 
D.M. 

Bear  Cnpe  . 

46     3 

n  IS 

46     6 

69  55 

BBlniiM  or  St    Croix 

KiTer       .        . 

45    IN 

67  sn 

P.  EKuminac       . 
MiscDu  L  (entrance    of 
ChalcurBdyf    . 

47     3 

61  SI 

Mwgone's  I.  [enlraiicc 
of  St  John's  Kiier} 

45  19 

66    4 

48      3 

64  19 

Cape  Spencer 
0.  Chignecio  (entrancE 
fiuson  ormlne.) 
.  HaulG  Island 

45  34 

45  19 

65  52 

64  49 
64  51 

Ciipe  Despair 
Island  Gun sTCn lure 
Hat  Point    . 
Ca)>c  (.'atpc 

iS  27 
48  32 
48  33 
48   47 

63  iS 
U9) 
63  SO 
Uil 

1  Ann^iolii  Rojsl . 
;  BrcYtr'.  hlu.ri     . 
,  St  Murs-'a  Cape  . 
;C.peroa«l.u'^    . 
Seal  liica    . 

44  47 
14  19 

65  M 

66  36 

Cape  Roiicr 

MagdalcD  Uiier  . 

48  SO 

49  13 

fan 
Ha 

44  10 

66     6 

St.  Ann->IU>er     . 

49     3 

f*   8 

■13  r.a 

43  87 

66     4 

65  55 

o- 

MounlCamille     . 
l.deBiliintbeBiverSl 

48  37 

SJtt 

CAPE  SABLE    . 

i3  S6 

65  32 

1 

48  SO     (8  H  r 

Boi)leT>lc.Di]E.pDm(    . 

14     C 

60     3 

44     3 

60  31 

1 

LorAnlicesla,  E.  7. 

49    8 

U  40 

Port  Roaewar      - 

43  40 

66  13 

—  Jupilcr'B  Kiicr 

49  26 

ass 

Poo  ManaBcId     . 

43  M 

64  sa 

—  P.  w.  ditto    . 

49  SS 

63  33 

GUDbierHartwur 

44  00 

61  41 

—  IVeit  ditto 

49  48 

64  16 

LIVEBPOOL 

44     S 

04  40 

—  North  ditto      . 

49  53 

au 

IileofHape 

13  53 

64  i'J 

Deadinan'B  igbmd 

47  17 

61  5S 

Port  Jockson 

44  13 

64  27 

Entry  Island 

47  15 

61  24 

Cbariolte  Buy 

44  34 

63  53 

Aoihentlal.S.lV.p. 

47   It 

S>  44 

C.  Sambro  light  hDU9c 

44  30 

63  3a 

47  41 

bl     5 

HALIFAX  HuliDur     . 

14  3b 

63  as 

Biron  Island 

47  M 

6110 

Port  Slcptiena      . 
SaodiTkb  Ba;       . 

Toti.»r      .      .      . 

Port  Howe  . 
OAPECANSOR. 

4.^  00 
46     8 
40  12 
45  13 
45  18 

61  69 

61   36 
61    16 
61     b 
60  56 

Bird  Island . 

H-  PauPa  Island  . 

47  as 

47    11 

60  46 
M    1 

VIL    JVmp/ou 

™«™a 

Lat.    ,  Lmb 

VI.      Th.G„l/of 

1.  Loirr 

Id. 

LimilBofthoGreBlBanL 

Lflt 

Long. 

point        -        . 

>0  15N 

49  4» 

D.  M. 

D.    M, 

—  South  point 

41    00 

31  OO 

Cheddbucto  Baj  .        . 

15  i3N. 

61  OOH 

Outer  Bank 

17  00 

45Di< 

fiul  or  Cwisor,  S.  cnl. 

45  ae 

61   13 

Cape  Nomiin      . 

51    42 

56  00 

Cape  Uiochinbroke      . 

43  34 

60  40 

Seal  hlands 

51    2jt 

36  H 

Cape  Portl.-.ii[l      . 

43  43 

60     3 

Point  F«rolle 

5|       5 

LOLISBIIRGH    . 

45  54 

59  55 

St  John's  Bay     . 

JO   5X     ]5T  si 

CAPE  BRETON 

45  37 

S9  48 

Point  Kicbe.         . 

50  46     I.-.7  » 
51)   39      37  XI 

Scatter]'  Inlnncl    . 

41,     I 

59  41 

, 

Ingomecboii  Bay 

Flint  Island. 

46    9 

59  4a 

Bon  Bay      .          . 

49  36    !=M    s 

Spanish  Bo-j        . 

46  IB 

60  10 

CapeStGrcfoi^-. 

49  S3 

5S21 

Porl  Dnupliin        . 

46  93 

60  30 

South  Head. 

49  10 

59  » 

Cape  Nortb  hiand 

47    6 

60  28 

Cape  Si  Gcoi^  . 

48   30 

59  II 

CUclioun  Unrfcoor 

4b  42 

60  58 

Ca^Anguille      .         . 

48  00 

59  19 

3«tWDiri,lBnd  . 

46  27 

61  13 

Cape  Roy     . 
Connor  Bay 

47  35 

59  IS 

Port  Hood  . 

45  58 

61  33 

47   33 

58  00 

ImUn  Corp  lilnnd        . 
GUT  OF  tANSOE, 

45  56 

61  37 

Burpu  Island       . 

47  33 

7  37 

RsincH  Islands    . 

47  sa 

7  Si 

Norlb  entrance 

45  4S 

61  37 

Penguin's  Islands , 

47  84 

7  00 

Fortone  HcmI      .        . 

47     9 

CapcSt.  Gcorgt  or  St 

Burnt  Isluid 

47   16 

6  00 

Levi) 

«5  S» 

61  55 

GrtWMiqndon    . 

47      5 

<6  n 

Piclon  Iituid 

15  SI 

69  27 

Uwley  Island     , 

46  50 

J,  «i 

: 

CipeTonnenttiit 

^    -i 

M  36          l^L  Peler-s  I.land 

«. «  /» ■.  1 

TABLE  XLV[.    I^lodei  uid  Lonsitudei. 


PoinI  May  . 
Chipcwi  Rouge 
Monier  Kocks 
Mortier  Hirbout . 
Red  lalnnd,  S.  P. 
Virgin  Rocki 
Paint  Brehin 
Cope  Sl  Mwj      . 
^t.  Mflfj's  Bk)'    . 

ape  Pine    . 
C*PF.  RACE      . 
Cape  Race  Rocks 
Clpe  BaUutI 
Cape  Brnjie 
Bbj  or  Bull . 
Cape  Spesr . 
3L  John'i  Horboar 
Cape  St  Pnncti . 
P.  of  Gralu . 
Trinitj  Bbj 

Bonatiita    . 

tv  Ilarbour  . 


^  Gtmder  Baj 
Fago  Island 
Twillinnte  Islands 
Ba^  of  Notre  Dame 
Capfl  Si.  John 
llorw  lilandd 
H'hile  Bay  . 
Hooping  Hirbour 
Green  Island 

Hire  Bay  enlrnnce 
Lntbonj'i  Cipe 
.unaire  Baj  . 

Capt  Degrat 


D.  M. 
.  »6  56N.  51 


.47  31 
.47  JO 
.47  33 
.47  57 
.48  2S 
.48  30 
.48  56 
.48  bi 


51   30 

sa  4! 

32  33 
5a  SS 


FoTtenu  Bay 

RedClifl*     . 

Black  Bay    . 

Red  Bay      . 

Vork  Point 

Cape  Cbariea 

Great  Bay  of  Esidmaux  5J 

Cape  Hanson 

Sl.  Peter*!  Harbour 

Inchanled  Capo    . 
g  i<addle  lilanila 
a  F-Bit  Island  . 

i  Cardinal'ililand'. 
Falw  Blaek  Dead 
Black  Head 
Capo  Chidley 
"    ■in'ilatands  . 


.58  50 
.59  20 
.59  50 
.60  14 


IX.  HuJioi 


FftI    B 


54  1.1 
Sj  30 

55  30 


.]50  \<i 
.SO  46 
,30  47 
.50  56 


.51  S4 
Jsi  43 
.151   53     I 


QUEBEC  . 
Coudrad  Ijtland  - 
-1.  Paul-  Bay  . 
Bay  of  llocki 
Point  Millc  \acho 
Manicougan  Poitil 
Cupc  Nlcbotai      . 

S  Cape  MoDtpelles  . 

g  Trinity  Coie 

'  BTen  Islands  Baj. 
tin's  River  . 
MingDQ  Island 
Eakimaui  Islandi 

It  Joli  . 
BoU  Islindi 
Sl.  Klary'i  Islanda 
Little  Mecatina  ditto    . 
Ureal  Mecalina  Point  . 
^t.  Auguatine  Bay        .' 
Eskimaui  Bay    . 
{OrandPoiot         .        J 


I    LaL    I  I.omc. 
I  D.  M.     D.  Sl. 

,-16  4eN.  71     5W  J 


48  45  |68  3-4 
|fi7  43 
4^  21 


no  £4 
S9  50 
m  27 


Cape  Reaolulion  . 
"    '  'le  Back  bland 
r  Sat  see  Islanil 
h  Blnir". 
Capes  Chnrics 
Cape  DoiMt 
C^ie  Pembroke 
Cape  VValsingiiu 
^  Cupe  Digits 
g  Salisbury  lalanda 
^  Mansfield  Isl.  " 

—  S.  part  . 
I  Cape  SoulUimi 
3.  North  Sleepers 
3  West  Slcepem 
r-  Portland  Poinl 
I  Biker's  Doxcn 

le  liter's  N.  point 
lames'  Bay 

—  Cape  Henrietta 

—  Cape  Janci 

—  Sear  Iile 

—  North  Cubb    , 

—  The  T«i.u 

—  Albanj  Fort    . 
itooae  Fori 

Cljariion  Uland 

k  Fort   . 
Cipe  Churchill 
P.  of  (Vales'  Fori 
Marble  Island 
Cape  Dobhes 
Cape  tWIiinghani 
Djer's  Capo 
Sanderran's  Hope 
Cape  Bedford 
"'aygate  l.-lar 


SSI 

D.  M. 

J.  57  OOW 
J6  52 
J6  4T 

56  30 
iS  G 

55  30 

57  36 

56  GO 
bO  50 
bO  55 
bO  50 
61  20 
61  50 
b3  00 
63  19 
63  37 
65  10 


65  16W 
68  13 
70  48 
70  56 
74  IS 
77  12 
S3  36 


^1  36 
79  30 
79  30 
JOIS 


SO  43 
80  35 
92  (JO 
SO  36 

79  55 
92  31 


.66  IB 
.66  55 
.70  40 


JLat. 
0.    M. 
61  53N 
M  10    I 


D.  M. 
«  S7H 
il  47 


TABLll  XLVI.    Laliiudes  and  hongttitiit*. 


Lat. 

Long. 

Lat." 

l-««* 

D.M. 

D.M. 

D.  M. 

D.M. 

BcMSotad. 

63  SON. 

49  io;v 

PORTSMOUTH 

' 

Hub 

6!     i 

48  27 

To«n       . 

M  47N 

I    il 

. 

Cpe  Farewell     .        . 

42  42 

We  of  Wight 

62  3U 

-C0B-«      .             . 

50  46 

1  1( 

; 

HerjoLin™ 

»  50 

5  ~  Bembridgr  L.dge  or! 

Bonlolioe  lalaod  . 

73  15 

7     5 

«         Pti»l    . 

I     3 

Gael  Hunties  Bay 

75  00 

&51 

s  -  Duiincse 

50  37 

1  11 

lolin  M>;eD->  blani) 

71   10 

1W 

.;  -  Si.  Calharine's  PI. 

50  35 

1  1= 

—  Nc«dlc'a  liglta 
Hiirat  ligM 

Pduic  i'.BTlOUT        . 

XI.     hilua,:.                         1 

50    IB 
■M  4W 

1  \-' 

1     1  ..      ,  I  „_     1 

L.  M. 

D.  M. 

SI.  .lldan'f  Head . 

IMf  33 

i    ■ 

63  iiN. 
M     6 

aa  47n 

il  S4 

"ejmDUlh  . 
Porlland  U^H     . 

ia  3b 
«  31 

M  33 

MaunI  Suaocll    . 

64  M 

a  54 

i:\niouth  Bsr 

Pilriifiorci   . 

65  it, 
65  40 

H  10 
24  29 

lorbay,  Ktrrj  Iltad 
Dartmoutli  . 

io  ';4 
5C  :s 

■;' 

North  Cape 

66  M 

32   10 

Slan  I'oint , 
rrBulciitlu 
Bolll'cad   . 

Eddy.toi.e  light    . 

i  Rim  Head"          '. 
rPLYRiOtTH 

S'  Deadman'd  Point . 
a  FBluimilb     .         . 

"  BlachHrad. 

Hola   .        .        . 
Urim's  Island 
RikelJord      . 

IVrMluid  dilta     . 

63  -14 

66  57 
66  .Tti 
66  25 
61  SO 
63  55 

19  44 
19  12 

17  35 

16  19 
14  15 

18  19 

19  54 

20  28 

Cape  HccUd 

63  82 

63  20 

id     r 

XII-     SpiUbtrga,.                   1 

50    i 

50     1 

Lat. 

Lo^. 

1  LIZARD  Point    . 

49  M 

5  i: 

11.  M, 

D.M. 

^Ks::,'-'  : 

50     8 

5  W 

Soiilh  Cape 

■b  3;IN 

13  45£. 

50  \i    ' 

533 

Fair  Forelanii       - 

79  53 

S  45 

llunnBl's  stone     . 

5  4£ 

„  Anulerdam  Ul.  tH»cli 
lujf.  lle.d)    . 

tVoir  Rock  . 

49  53 

5  56 

79  4(> 

9  49 

Und'i  End 

50     9 

5  «s 

SmeBrenbiirg  llBrbout 

79  44 

9  51 

$L   Agnci  llpht  (Scillf 

i9  54 

6  If 

,  Veriegen  Hook     . 

■iO    7 

16  50 

St.  Mary'i  ditto    . 

19  56 

6  i; 

Hope  Uland 

Bear  or  Cherrj  Island 

76  30      20  28    1 
74  53     {14  45 

St.  M.rTin'.           . 

U9  .-iS 

6  li 

Xn  .  Frnich  Canil  frm 

f  ■«.«.(. 

(;4i<4 

XIII.     English  CoBil  from  lAmdm  Id  SI.I 

L«. 

trj 

Mary'i  Lighl  {Scilts.}                 \ 

CALAIS      . 
Cape  Grii  Net    . 

D.   M. 

50  68N 
50   5S 

Lat. 

Long. 

1  £11 
1  M 

D.  M. 

D.M. 

Ambleteute          . 

50  43 

1  36 

LONDON  . 

,il  31 N 

BOULOGNE       . 

50  44 

I  31 

QREENWlCHObs. 

51  29 

0  OOE 

Elaplca        .        . 

SO   31 

1  n 

Woolwich    .         . 

0     4 

Mo.,lreuI     .        . 

50  Sfi 

1  4i 

Purfleet 

51   30 

0  19 

U  Rochelte 

50   19 

1  41 

Gnteiend    . 

51   28 

0  22 

Abbeville     .        . 

SO     7 

1  50 

Rocbestcr    . 

51  33 

0  32 

Grotoy 

50   13 

1  li 

SLcenieu    .       . 

SI  27 

n  44 

-StVnUcry.R.  Somme 

50    11 

1  ak 

Nora  .        .        . 

0  51 

Dieppe  light 

SI.  Valley,  R.  Caui 

49  56 

N.  Foreland  light           51  22 

1  27 

49   52 

'  S.  Foreland  lighU         .151     H 

1  23 

Feeamp  *'  .        .        . 

49  46 

0  !1 

Deal  CasUe 

51    1,V 

1  24 

^  Cape  ds  Caui      . 

49  4t 

?  UOVEK       . 

51     S 

1  19 

■=  C«pe  de  le  Here  . 

49  31 

0    3 

DuUEencss  . 
I  ilsslJngi       . 

50  55 

0  58 

S  HAVRE  DE  GRACE  . 

49  29 

0    t 

50  S3 

O  36 

*■  PARIS  Obe. 

48  50 

8  to 

.  Bcarhy  Head        . 

50  44 

0  15 

^- Mouth  of  Seine   . 

49  8' 

0    3 

^Brighlon       .         . 

JO  SO 

0     6\\ 

B  H»rfle«r       .         .         . 

49  30 

0  It 

ShDreh»n.    .        . 

50  SO 

0  16 

5  Honfleur     . 

49  86 

0  H 

A.ninde1       . 

50  S3 

0  35 

I  Caon    .... 

49  11 

0  Sll 

•;elK>  Bill    . 

50  43 
50  40 

0  48 
0  40 

:  Bay«ai 
i:  Cu«Blan      . 

49  16 

4918 

0  43 

irt 

TABLE  XLVI.    Latitudes  and  Longitudes. 


f61 


8 


I 


St.  Marcou  bland 
C'lpc  Barfleur  Light 
CHERBOCRGH 
Pelee  Island  • 

•^dpe  la  Hogue     . 
\l'ieniey  1.  N.  point 
'Jaukeu  lights      . 
Guernsey  I.  W.  point 
Sark  L  Tf.  point  . 
>ersey  Island 

—  Cape  Grosnefls 

—  Sl  \ubin 

—  St.  Clemeurs  point 
I.  de  Chauaey 
?outnnces 

*  rran  \  iile 

*i\  ranches 

Mount  :^t  Michael 

Pontorson 

St.  Malo 

(^4pc  Frehel  light . 

*^L  ririeux    . 

Brehat  Island 

Tregueir 

Morlaix 

Sl  Pol  de  Leon    . 

I.  de  Has 

Roche  BKnche 

^t  Anthony's  liglits 

U'-HANT,  W.  point 


Lat. 
D.  M. 

49  30N 
.:49  42 
.149  38 
.149  40 
.49  45 
.49  46 

.m  46 

.j49  26 
M9  26 


49  18 
.49  13 
.49  9 
.48  52 

.!49  3 
.48  50 
.148  41 
.!49  38 
.i4S  33 
.'48  39 
.;48  41 
.{48  31 
.148  50 
.148  47 
.48  35 
.48  41 
.48  46 
.49  1 
.48  40 
.48  29 


Long. 
D.  M. 


1 
1 
1 
1 
1 
2 
2 
2 


lOU' 

16 

37 

36 

56 

12 

26 

43 


-a 
I 


2  23 


2  19 
2  11 
00 
50 
27 
36 
22 
3% 
32 
I 
21 
2  42 

2  56 

3  15 

3  53 

4  00 
4    2 

3  58 

4  29 

5  3 


2 
1 
1 
1 
1 
1 
1 
2 
2 


I 
I 


XV.  Prom  the  JVorth  Fordmd  to  Dutv- 
canahwf  Head, 


North  Foreland  . 
Kentish  Knock  . 
Long  Sand  Head . 
Galloper,  N.  point 
-^  S.  point 
Shipwash,  N.  point 

—  S.  point  . 
Gaberd,  outer 
Orfordneas   . 
Aldboro'  Knaps    . 
Southwold   . 
Leostoff  lights 
Varmouth 

Winterton  Ness  lights 
Smith's  Knowl 
'-iasboroogh  Sand,  S.  P. 

—  N.P.       . 
Sberringfaam  Shoals 
Hasborough  lights 
Cromer  lights       • 
Lemon  ami  Ower,  N.  P. 

—  S.  P.       . 

Cromer  Bank 
Dudgeon  light 
Outer  Dowsing 
Inner  Dowsing 
Lynn  Knock 
Spam  lights 
Flamborough  liead 
Filey  Br« 


LaL 
D.    M. 
51  23N 
51  41 
51  45 
51  52 

51  41 

52  00 

51  53 
31  58 

52  5 
52  7 
52  20 
52  29 
52  37 
52  43 
52  54 

52  51 

53  2 
53  3 
52  49 

52  56 

53  14 
53  8 
53  11 
53  15 
53  33 
53  15 
53  3 

53  38 

54  9 
•  54  15 


o 


Long. 
D.  M 

4U 
38 

5 

1 
36 
33 
59 
30 
40 
39 
46 
44 
43 
20 
48 
35 
20 
34 
26 
58 
00 
35 

9 
14 
44 
29 
20 

6 


Scarborough 

Robin  Hood's  Bay 

Whitby 

Riv^  Tees'  Mouth 

Stockton 

River  Tyne's  Mouth 

lights 
Coquet  Island 
Staples  light 
Fern  l^ht 
Sunderland  p9int 
Holy  bland        ' . 
BERWICK 


St.  Abb's  Head     . 

DCNBAR 

May  Island  lighU 

The  Bass    . 

N.  Berwjek 

EDINGBURGH 

EUyness 

Fife  Ness     . 

St  Andrew's 

Mouth  of  Tay 

BeU  Rock,  offdiUo 

Buttonness  Hgfats 

Red  Head 

^  Montrose     . 

^TodHcad    . 

NEW  ABERDEEN 

Newburgh 

Peter  Head 

Bnchan  Ness 

RatrieHead 

Kinnaird's  Head  . 

Bamff 

FofftStGeoige  . 
Inverness 
Cromatrie  . 
TarbetNess 
Clythness  . 
Noss  Head  . 
Dunoansbay  Head 


I 


' 


Tsr 

D.    M. 

54  18N 
.54  fl 

A  31 
>4  41 

.164  38 

• 

o5    6 

55  22 

55  39 

56  33 
55  36 
55  42 
55  47 

55  57 
.56  00 
.56  11 

56  5 
56    4 

55  57 

56  11 
56  17 
56  21 
56  27 
56  27 
56  28 
56  37 
56  44 

56  51 

57  9 
57  20 
57  32 
57  29 
57  38 
57  42 
57  41 
57  38 
57-32 
57  43 

57  54 

58  20 
58  29 
58  40 


Lung. 
D.  M. 
0  lOWl 
020 

0  26 

1  2 
1    8 

1  15 
1  21 


1 
1 
1 
1 
2 


40 
42 
43 
50 
3 


2    6 

2«9 
2  32 
236 

2  41 

3  12 
244 
2  33 
2  45 
23S 
222 
2  41 
224 
223 
2  14 
2    8 


If 


2 
1 
1 
1 


3 
44 
43 

46 

1  56 

2  27 
400 
4  10 

3  58 
3  44 
3  8 
3  6 
3    8 


XVI.  Tht  Orkney  Itlmuis. 


Pcntland  Skerries 

Stromo 

South  Ronaldsha,  S.  P. 

Copinaha 

Lam's  Head  on  Stromsa 

Island 
North  Ronaldsha,  N.  P. 
Mould  Head,  on  Papa 
Westrablaad 
'^Noop  Head,  on  Westra 
S^     Island 
Marwkk  Head,  on  Po- 
mona Island 
Stromness   . 
Hoy   Head,  on  Hoj 
Welb  bland  .58  65 

P^ineSkerrT  .99    3 

lir  bland  .       .|59  29 


I 


Lat. 
D.  M. 

58  43N 
58  43 
58  44 

58  54 

59  4 
59  23 

59  21 

59  18 

59    6 

58  57 


Long. 
D.  M. 
3    3WI 
3  14 
3    5 
2  47 

2  40 

2  31 

3  2 

3  14 

3  28 

3  26 

3  31 

4  16 
I  47 


TABLE  XJiVl.    Ij&titudeB  uid  Longitudes 


■ 

-nrTTS 

Xvn.     Tke  Sh'tSiBidlilatidi.          \ 

D.  M.     dTI 

Solwa;  Firth 
CAHUSLE 

M  47N 

54  54 

3  9ft 

944 

Lat. 

rs. 

D.    M. 

Sunbro  Head,  S.  point . 
RoieorHtngcliff 
Bnura  Sound,  Lerwick 

59  49N 

1  sow 

St  Bee's  Head  Light 

54  SO 

sm 

1,0  13 

0  40 

White  Haien 

S4  38 

in 

i 

1  00 

SeDutrRock 

54  16 

3  19 

60  37 

0    B 

54     S 

9  41 

Whalmrj  Ule 
UhtlalaiuLN.e.  P.     . 

50  33 

0  3i 

Fonnbj  Point 

53  3a 

968 

0  15 

LIVERPOOL 

53  «3 

9U 

Foulhluid 

go     8 

S  16 

Point  of  Air  Liffat 

53  SO 

3  11 

Great  Ormi  Head 
Point  Linai  Light 

53  80 
53  84 

141 

4  11 

XVIII.     Fem  libmdi. 

3  Skerriei  Light      . 
1  Holjbcad.W.  P. 

53  94 
53  18 

i3« 

4n 

Lai. 

Long 

D.  M. 

D.    M 

t  Branch;  Pool  Head 

58  47 

4  37 

TboMoDkRwk.ppeart 

•1  Bar^«j  Island      . 

S3  44 

438 

like  n  ship  under  fail 

SI  l&N 

6  47W 

S- Barmouth    . 

r,i  43 

351 

; 

Fudoel.  (N.  E.partor 

S  Al>eri>iTith  . 

f  Cwdignn  Harbour 

::  Stramble  llcnd     . 

58  33 

363 

Ferro)      . 

63  15 

6    1 

59     6 

43i 

East  point  of  Mrgen« 

53     1 

J  10 

Uhnd,  N.W.  pm  o 

3  St.  Datid's  Head  . 

51  6fi 

sao 

Fcrrnhland,     . 

Si    3 

7  32 

S  Ramny  Tiland     . 
Small's  l«hl  house 
St.  Ann's  ditto,  Milford 

51  58 
Gl  45 

691 
5  J6 

XIX.     From  Duacimiias  Htan 

to  0^ 

LmiftEni 

Haven      .    '    . 
SL  Gowan'i  Head 

}|  41        6  10 
51  33        4  69 

Lat 
D.   M- 

rt 

CaldiUland 

M40       4  40 

Worm's  Head 

51  34 

4  17 

Duneanibir  Head 

i8  40N 

3    BW 

Mnmble's  Point  &  ligh 
Nasb  Point 

SI  34 

3GI 

Dunnel  Head 

S8  43 

3  39 

51  96 

3U 

Fsrout  Head 

S8  38 

6  00 

BRISTOL   . 

51  87 

335 

Cape  Wrath,   or  Bsire 

Head        . 
A  Rock  leen  U  )  Ebb  . 

Flalhotm  light 

*l  S3 

3    6 

59  45 

6  iO 

3  ai 

Lundy  Island,  entrance 
orBriitoI  Channel 

SI   10 

418 

{tons  Island 

S3  55 

6  16 

Mort  P.     entrance    of 

Rackal 

57  48 

14    6 

Bristol  Channel 

Bl   11 

4  11 

SLKilda       . 

S7  51 

8  66 

Hartland  Point    . 

61     I 

4» 

Butt  of  tbo  Lewis 

iS  20 

6  34 

Paditoir 

50  35 

4M 

G4lleD  Head 

■iS  10 

7  10 

Con  and  Calf      . 

50  33 

5    6 

nwincn  Wands    . 

58  13 

7  30 

Towan  Head 

oO  85 

S   1 

; 

Hjr.kere  Island    . 
South  U!«t  Island 

as,*":    : 

57  23 
57     3 

56  49 

57  50 

7  39 
7  10 
7  33 

a  44 

St.  lie's  Bay 
Cape  Cornwall     . 
The  SeTen  Stones 
The  Wolf  Roek    . 

60   13 
60     6 
60     8 
49  fi3 

sn 

5  41 

6  ( 
5  Si 

Cana  Uuids 
Hclnker  Island     . 
R.™i.W.P         .        . 

57  3 

58  sr. 

S6  S9 

6  33 

6  39 
6  86 

The  Land's  End  . 

50     4 

543 

XX.     Inta 

1 

Tirej  Island,  S.  P.        . 
Holll,  NnrlhP.     . 

5fl  30 
56  48 

6  83 
6  85 

1 

Lu. 

hi 

M  17 

7     8 

D.   M. 

Rla  I,rtand,  S.  W.  P.     . 

55  47 

6  34 

CAPE  CLEAR    . 

^t  83N 

9  in 

—  South  P. 

55  39 

6  10 

Faslnet  Rock 

5|    19 

9  41 

Mull    of  Cantiw  light 

Crook  Ha«en       . 

6t   86 

9  3 

ho-jw       .        ■        . 

55  ao 

5  37 

Miien  Held 

61   95 

10    1 

I.  of  Arnin,  S.  E-   purt 

55  31 

4  67 

^beep-s  Heed 

51  33 

10    a 

Cumraj  1.    entrance  of 

Bantry  Bay 

61   34, 

10  10 

Clyde        . 

55  47 

4  48 

Grelt^h  Rocks      . 

fit    3J 

10  JU 

GLASGOW 

55  52 

4  16 

nutsey  1.  w.  r. . 

3|   37 

i«3a 

Elm  Island  .        . 

55  ao 

4  66 

Bull  Hock     .         . 

fil   38 

10  41 

In.in          .        . 

53  39 

4  30 

Caw  ditto     . 

61   37 

10  M 

AiJUghl    .        . 

55  36 

4  88 

Cod's  Head 

61   49 

10  tr 

Loch  Ryan 

S5     S 

5  00 

Kfomwe  Bay      .         . 

Si  44 

10  10 

Port  Patrick  Ligkt 

54  48 

Lamb*!  Head 

Si  47 

ID  tt 

MullofGallowaj 

S4  37 

4  45 

Hoglilanrls 

^1   iff 

D  la 

Graal  5nr  laUad 

S4  40 

4  36 

■og'-  Head         .        , 

■^^   H' 

0  3i 

Bjrrow  Heftd      -         A^  ''^ 

ftiW  Head          .       1;' 

-1  59 

044 

1 

■ 

m 

^ 

■ 

■ 

1 

J 

■ 

■■ 

BH^I 

1 

TABLE  XL VI.    Laliwdw  and  Longitudes.                     itif 

1 

Lai. 
D.M. 

^■:^ 

D.   M. 

b&. 

nkelline'i  Rockt  . 

51   SJN 

\lTi 

Si.  Patrick'i  hland 

53  36N. 

6    9W 

L...n>oirRMli         .         . 

bl   53 

Lambay  Uland     . 
Hoitth  Head  Ught 

5  69 

fl^r  Hf  ad  .       .       . 

51   58 

10  50       E 

53  89 

6    3 

Dingle  B.J .        .       .. 

51     6 

10  50      ^ 

DUBLIN    . 

53  99 

6  17 

foic  Rock  . 

sa   b 

11     6       ". 

WICKLOIV  llEhU 

59  59 

6    1 

FerriWrt  I>lMd  .        . 

59  a 

II      1       -" 

Arklow 

53  49 

6    6 

Ilnghl  Rocki      . 

58  10 

11     4       d 

UlawlcTick 

58  36 

6  11 

Unsl  Bluket 

59  U 

10  St 

Enni.  TuKui      . 

59  H 

11  00 

WEXFORD 

5£  91 

6  98 

10  63 

Tu.ker  Rock 

59  13 

6    8 

LKioorline  Head  . 

58  19 

10  49 

Camjore  Point     . 

6  19 

Bmndon  Head      . 

.^3  83 

10  36 

T1ieSatic«Rock> 

59     6 

636 

The  Seten  Hopi  Rwl's 

52  86 

10  31 

llgok   ii^t.  l\alerfor 

Kerry  HcftJ.S  entnuicc 

59     S 

656 

of-ihonnoo  Ritcr      . 

58  M 

to  94      .,' 

59     3 

7S6 

i.oop  Iload,  N.  enlnmce 

1 

Hel«irkHe»d     . 

59  00 

7  31 

dillo          .         . 

58  37 

10  93      £ 

C^K'narboiir  '. 

31    65 

7  49 

LIMERICK 

59  48 

9  19       ' 
9  39      5 

51  47 

8  11 

Clirt  . 

59  61 

Kingwlc  Harbour 

51  38 

899 

Ilag'i  Head 

53     S 

9  43      1 

Old  Head  of  Kinpal 

North  Amm  or  Killmej 

S3  18 

10    4      3 

Kghla       .        ,' 

SI  3S 

a  30 

Onlwaj  Bgj 

53  17 

9  49      e 

Setcn  He»d« 

51  34 

840 

Slime  He.d           .         . 

53  3S 

10  33      1 
10  3G      '' 

Dundedy  Head     . 

51  39 

8  56 

F.iini>  Sbirk  I.      . 

53  46 

The  Stags,  offToe  head 

51  97 

9  16 

EnnU  Turk  1.       . 

53  52 

10  !1 

BALTIMORE  hariiour 

51  97 

9  96 

aart  IsUnd 
AchiJ  Head 

53  58 

54  7 

10  14 
10  30 

XXL     Tk,  hit  of  Mm. 

Black  Rock 
Lrrii  Head 

10  36 

54  98 

10  13 

1    LaL 

Long. 

' 

D.   M. 

D.   S. 

Broad  Haien 

54  86 

10  18 

CairofHui         .        .154    9N 

4  49W 

TuDi  Rocks,  off  Broad 

54     9 

4  84 

Haien       . 

B4  31 

10     4      1 
9  36     ^ 

Ramaey  Bay 

54  19 

4  16 

Down  Patrick  Head 

54  97 

Pornl  of  Air 

54  95 

4  18 

KilbU 

5-1  19 

9  87      ■? 

Peel  Hill      . 

54     3 

4  37 

SligoBay     .        . 

54  84 

S  5S       - 

Caatleloirn  . 

4  SS 

3 

Ennb  Murray  bland 

H  39 

S  S7 

: 

Donnega]  Bay      . 

54  38 

8  .« 

XXII.     Prtm  Calau  to  Iht  Scow. 

THIen  Head 
ArnninorB 

54  49 

55  9 

8  59 

8  38 

^ 

Ul    iLone. 

1 

Bloody  rorcland  . 

iS  ID 

8  16 

D.    M. 

D.Iid. 

lor;  bland 

55  17 

8  lb 

CALAIS     . 

50  58N 

1  51E 

Hoar  Head  . 

55  14 

7  57      £ 

lirarelinn   . 

50  59 

8     8 

Mulroy 

SS  17 

7  48      S 

DUNKIRK 

8  83 

l.oeh  Swilley 
Mallin  Head 

S5  18 

7  33      '. 

Nieuporl 
D?iTEND   . 

9  45 

55  94 

7  84      t- 

3  SS 

55  98 

7  14     ^ 

Sluy.  .        .        . 

3  93 

Inisbone  Head, entrance 

ANTWERP 

51    13 

4  U 

55  16 

6  54 

Wakheren  t.  VI.  P. 

Bt  33 

B|  97 

3  38 

LO^DONDERRV 

35  00 

7  15 

-  nuibins 

3  35 

U>anl>  Ciuaowaj 

35  16 

6  96 

-Middleburgh   . 

51   30 

3  37 

Kacklin  1.  W.  point 

93  90 

6  16 

Goeree  Uland      . 

51  46 

3  53 

FnirHcad    . 

55   15 

6    6 

SeboMeo  Jdaud  light 

51  39 

3  40 

Torr  Point  .        . 

S5  H 

6     1      ^ 

North  Gait  .        . 

51   S5 

3  59 



5  39     1 

5  38     1 

Hollnnd'a  Hook  . 

51  i6 

400 

^ 

The  Maid**  Kocki 

54  57 

The  Hague  . 

59    4 

4  16 

1 

Black  Head 

54  45 

I^eyden        .        . 

59    9 

4  96 

Carrickrernu       . 
B  ELI' AST. 

54  43 

5  46 

Ilaertcm      . 

i9  28 

4  M 

54  35 

5  57 

ROTTERDAM    . 

51   54 

4  98 

.:  iBclTut  Locb 

54  43 

5  35 

AMSTERDAM   . 

59  99 

4  SI 

|'Mc»  hl.ndliKhli 

54  41 

6  84 

Alkmaer      . 

39  39 

4  39 

Jl^ouUiKocklight . 

54  81 

5  84 

r«Ml.  a.  point 

53     9 

4  33 

s  lUuiidnun     . 

64  13 

5   51       A 

Harlingen,  . 

53  10 

S  90 

54  UO 

6     4 
6  90 

51  3S 

9  S3 

^f  Uundilk      .        . 

SS  &•* 

EMBDEN  . 

i3  80 

7  10 

■  k 

6  14 

BREMEN  . 

^%    i  U  tft  ' 

i  ! 

^ 

r 

1    ■ 

~ 

rTMT" 

D.    )l. 

-nr- 

tt. 

D.    M. 

D.    M. 

S7  BIN 

19    SE; 

A  iir«il    WjUnpoe   light 

-  HI3BV 

S7  » 

18  iO 

;       hduM        .          .         . 
i  Su.aiigCT     . 

59    4N 

5  (6E. 

1 

-  Hoburf  .        . 

>6  57 

IS  IS 

18  ,59 

5  4a 

Grc.l  C»ri«o 

57  19 

IS  00 

^  &ama,e\  Islud.  S.  ini 

59  38 

5  00 

i 

OliDd,  N.  CDd     . 

57  9t 

17    7 

BEBtiEN    . 

60  94 

S  18 

56  53 

■  6  37 

A>k-ald       . 

61  43 

5  18 

-  ».  end  light     . 

56  13 

16  S6 

B0Bd«  light 

&S  S3 

5  41 

EarUiolmi   . 

S5  19 

15  16 

Chriitisn  Sound  . 

bi  11 

7  30 

BomliDlm,  If.  W.  end 

Dronlhcini  . 

&3S6 

0  8S 

-Ugltl        - 

55  18 

14  49 

.  Wtm.  I.l»nd        . 

67  4£ 

1  S3 

-H«le     .        . 

J5  10 

14  47 

1  NORTH  CAPE    . 

II  10 

S6  00 

-  S.  E.  end 

54  58 

15  14 

LWirdhuuilaUBd. 

70  B2 

31     6 

-  Srvtike  . 

55     8 

15  16 

5  River  Kol.  . 

b9  15 

33  84 

RtiKen,  N.  end     . 

bi  40 

13  30 

Nsgel  lilud        . 

68  S3 

35  55 

-  BERGEN 

54  85 

IS  33 

Cape  SoeetooM  . 

67  58 

37  SO 

-S.     E.    end   New 

67  00 

39  91 

D«p        .        . 

S4  16 

13  53 

Cnm  labnd 

66  19 

38  49 

OnegB          .        . 
5  CpaDocegi        . 

63  36 

37  90 

XXV.      GidhnfFirda, 

inndBt 

<Unte. 

64  46 

3S  46 

o  ARCHANGEL    . 
S  Bluenow      . 

M  34 
65  SI 

38  fi9 
33  10 

UL 

^^ 

D.    M. 

«  Cape  Good  Fortune 

66  S4 

40  28 

OdeubalB  ligbl  . 

59  I9N 

i3  18t 

=  Monhom  Itiuid  . 

66  40 

40  35 

Cre*l  Roge  lighl  . 

59  So 

S4     3 

Cape  CiudinoM   - 

66  23 

41  98 

Surrp  Heu)  licbl 
Ns^nl.  N.point 
BFAEL        .         . 
Kok<kBr  li^t       . 
Chalk  (Jfoond       . 

59  93 

M  13 

Welg.te'.Stf^U. 

70  50 

69    9 

39  36 
59l!6 
59  40 
>9  41 

M  34 
M48 
U     6 
16  15 

78  00 

TOGO 

3tXVm.      JV™  V>hm 

Xlo  GOri 

itlor. 

Ut. 
D.    M. 
I4S  S9N. 

Lone 
0.   it 
B    3W 

SloMSklr  .        . 

59  46 

»30 

i 

mOe  -nuera  lihuid 

59  47 

n  3 

L'SHiNT  . 

Oreit  Tittcn  liUnd 

59  50 

17  80 

BREST       .        .        . 
S.:nlM«tli«'.lWit 
Point  Bu    .        .        . 

499 
447 

4  47 

5  S 

U>uunr.  N.end 
Seuculigfal 

59  59 
59  S9 
59  » 

87  57 

as4 

46  19 
48    I 
ffl    4 

Tolb.ci.li  ligbl      . 
CRON^TADT     . 
PDiTERSBURG  . 
5ljn  Ldden 

59  53 
MOO 
59  59 
59  56 

SO    8 

iS    6 
19  39 
19*3 
30  19 

m  10 

Point  L'Abbe 
■  L'OHIEN^          '. 

17  49 
(T  M 
17  44 
17  53 
(7  45 

4  18 

4  -B  . 
400 
334 
3  9t 

WibuT^ 

bO  39 
M  30 

19  54 

S7  85 

^  PoR  Lonli  . 
;  ble  de  b'roai 

47  4J 
17  38 

3  31 
3  98 

HoEltnd  Ulud  li|;hU 
nrrengTund**  Beacan 

bO  14 

bO     3 
iO  H 

!7  32 

:  Bene  (tie.  N.  end 
t  —  S.  and    . 

Honil  Me  '. 

Dumet  tile  . 

NANTES    . 

CroWe 

3l  Gildk*  point  . 

47  36 
47  S3 
47  17 

S    4 
3  14 
1    S 

LOTi« 

HanKoDeuoa      . 

M15 
M31 
U)  10 
59  45 

1% 

n  57 

17  39 
17  S4 
17  St 

17  13 
tJ  19 
47  10 
47  00 

346 
356 
336 
1  33 
S  St 

8  16 

9  15 

XX7I.     CiJ/<i/ 

BolA-M 

l..( 

i:^. 

D.    M. 

DieuUhi      . 

46  43 

927 

ti'to  ligbt    . 

'A  UN 

i\  S5E. 

?t.OilU«    . 

46  40 

I  51 

1 

Abo     .       .       , 

U  17 

IS  15 

Roche  Bon  . 

16  IS 

9S4 

1 

TMINEA  ; 

U  13 
&»  51 

11  55 
14    9 

ReehleLUt      ■ 
ROCHEIXE       . 
ROCHEFORT    . 
Oleno  Iile  licht  . 
WwdAij    .        . 
CORDOVAN  Ikht  H. 

46  11 
16    9 
U  56 

1  34 

1    9 
0  58 

ZX\'iL     Fnm  IW  JV« 

nb^ 

Arn^ 

16    3 
16    I 
IS  35 

1  H 

1   10 

1  10 

Ut 

^^. 

D.    M. 

Medoc         .                 . 

»    6 

045 

1 

Th«  NAZE          .        . 

58     IN 

7  14E 

BORDEAUX       . 

HM 

OM 

LMcrLasd 

S3  10 

6  30 

Cpe  Feret  .         .         . 

H4i 

1  H 

ludd«.orVrUM>n-iKd. 

bl  36 

h  40 

BAYONNE 

4S  99 

I  89 

. 

tee 


TABLE  XLVI.    Latitudes  and  Longitndca. 


D.  M. 
43  23N. 
43  81 
43  28 
43  15 
43  28 
43  30 
43  28 
43  48 
43  42 
43  47 
43  47 
43  34 
43  30 
43  23 
43  10 


Long. 
D.    M. 

3S\V 

67 

40 

44 

40 

16 

18 

46 

17 

35 

48 

14 
6 

20 

10 

17 

17 

37 
8  45 
8  38 
8  41 
8  24 

8  54 

9  18 


( 


I 


i 


i 


I 


8t  John  de  Lux 
St  Sebastian 
Cape  Machicao 
BIl.BOA      . 
SAINT  ANDERO 

ail  it  \  incent 

ilia  Viciosa 
Cape  PenaB 
Cape  Burola 
Cape  \  anaa 
Cape  Ortegal 
Capa  Prior  . 
FERROL    . 
CORUNNA 
Cape  Belem 
Cape  Turiana 
Cape  Finifltere 
Vigo  Bay      . 
Cape  Fasalis 
OPORTO    . 
Averioa 
Coinbre 
Cape  Mondego 
bape  Fiaeraon 
The  Burllngs 
The  Rock  of  Lisbon 
LISBON     . 
Cape  EpSchel 
StlJbes 
Sines  . 

Cape  St  Vincent 
L^os 

Cape  Carbonera 
Cape  St.  Mary 
Point  Arenilla 
St.  Lucar 
SEVILLE   . 
CADIZ 

Cape  7'rafalrar 
Tarifa  Island 
P.  Camero  . 
Algesiras 
GIBRALTAR 


43 
42 
42 
41 
41 
40 
40 
40 
39 


3 
54 
14 
59 
11 
39 
14 
12 
24 


39  25 
38  46 
38  42 
38  25 
38  32 
37  50 
37  3 
37  8 
37  7 

36  57 

37  8 
36  46 
36  59 
36  32 
36  10 


36 
36 
36 
36 


1 

5 
7 
6 


1 

1 

2 

2 

3 

4 

5 

5 

7 

7 

7 

8 

8 

8 

9 

9 

9 

8 


9 
9 
9 
9 
8 


31 
29 
9 
14 
50 

8  54 

9  « 


8 
8 
7 
6 
6 
5 
6 
6 
5 
5 
6 


39 
19 
52 
50 
20 
58 
18 
00 
35 
23 
24 
£0 


XXIX.  The  ^orlh  Coast  of  the  JUediter- 
ronfoti  Sea,  from  Gibraftwr  to  Constan" 
iinople. 


o 

m 


I 


c 


S 


GIBRALTAR 

MALAGA 

Modril 

Almeria 

Cape  de  Gatt 

i;  oint  Calla 

CARIHAGENA 
VCape  Pailos 

ALICANT 

Cape  St  Martin 

VAI  ENCIA 
1  Cape  Oropeso 
$  River  Ebro 


I 

so 


I 


ijc. 


ierrasona 
BARCELONA 
Ctpa  at.  Sdiaifciaa 


Lut 
D.    M. 
36    6N. 
36  43 
36  45 
36  51 

44 

47 

36 

37 

18 

38  47 

39  26 

40  6 

40  42 

41  9 

n  n 


36 
36 
37 
37 

38 


Long. 
D.  M. 
5  i>0\V 
4  24 
3  33 
2  31 
2  13 
2  00 
1  1 
0  41 
0  29 
0  lOE. 
0  20\V 
0    8E. 

0  27 

1  19 

2  18 


Bay  of  Rosea  "* 

Cape  de  Greuz 

Perpignan 

Agde 

Fort  Brecon 

Cette  light 

Narbonne  . 

M  ontpeller 

MARSEILLES 

Ciotta 

TOULON 

Cape  Taillar 

St.  Tropes 

Frejua 

Cape  Rouz 

Antibcs 

St  Marguerite  lalaod 

Cape  de  Gropes 

Nice 

^  ilia  Franca 

Cape  Melle 

Savons 

GENOA    . 

Ropallo 

Point  Venere 

LEGHORN 

Maloria 

Cape  M.  Nero 

\  ada 

Piombino   . 

Point  liercole 

Civita  \  ecchia 

ROME 

Cape  Dazia 

Cercello  Point 

Gaeta 

NAPLES 

Salerno 

Cape  Lifosa 

Police  stro 

St  Eufemia 

Cape  Batican 

Cape  Grose 

Cape  Larme 

S.  Point  of  Italy 

Cape  Spartavento 

Cape  StiUo 

Catanzaro 

Cape  Rizuta 

Cape  Callone  light 

Tarento 

Galipoli 

Cape  St  Mary,  the  en- 
trance to  the  Gulf  of 
Venice 

Otranto 

Brindisi 

Bari 

Manfredonia 
Ortona 
Ancona 
Ramino 
VENICE  . 
TRIESTE 
Bofteno 
a^  Wana 


38  54 

39  4 

40  28 
40  00 


TABLE  XLTI.    Lktitudci  and  LoDgitudM. 


~ 

l.ons. 

-nr- 

•-.g. 

D.    M. 

D.    M. 

n.  M 

D     M. 

i^» 

t5  14N 

14  5SE. 

Cipt  Ferrat 

16     SN 

0  lOVV 

Pe«er«       . 

M  4S 

15  40 

Cipt  Tennii 

16  38 

1   16E 

Z»r. 

14  17 

IS  35 

ALGIERS 

16  49 

2  13 

-.-. 

Cspe  Serto 

43  43 

16  10 

Ctpc  MaUror     . 

16  55 

8  43 

: 

H«M,0          . 

13     9 

IT  10 

Cape  BeringD      . 

16  53 

3  SO 

[- 

R*suw       . 

IS  40 

IS  11 

CapcTeneU 

M  59 

4  10 

'alaro 

H  23 

19  39 

Cape  Bugaroni    . 

36  50 

5  47 

II  SO 

30  00 

1 

Cape  FetTO 

M  53 

6  >4 

Cape  Patti 

11  SO 

19  46 

Bou          .         .         . 

36  38 

7  36 

>'  WImt 

10  45 

SO  16 

1 

Td»re«     . 

16  48 

8  58 

C«p«  Linguette   . 

10  39 

19  55 

Cape  Serra 

17  10 

9  94 

Sutrinto      . 

19  47 

30  33 

Cape  Blanco 

37  SO 

9  sa 

Cipe  Sl  Nicbolu 

19  84 

30  36 

1 

TUNIS 

16  38 

10  34 

L^la     .         , 

IS  IG 

33     4 

h 

CapeBon  .         .         . 

37     5 

11     8 

Coron          . 

16  46 

21   50 

8tUB 

3i  45 

10  50 

CipeMiUpul      . 

»83 

is  30 

Cape  Paid 

35  14 

11   15 

Cm«  SL  Angelo 

16  87 

83   IS 

CapedeZoan    . 

33  S3 

11    10 

Corinth       .          . 

17  S3 

S3     8 

lehy 

33  18 

11   34 

ATHENS 

17  58 

S3  4A 

TRIPOU 

sa  s4 

13  11 

f 

Nfgroponl 

J9S7 

S3  44 

LeWd. 

33     8 

14  55 

i 

Ca^Doro 

W    9 

34  40 

C>pe  Meniuralo 

32   18 

\6  15 

CiM  St.  (ieorre 

Was 

23  17 

^ 

Cape  Loral 

30  SO 

17  39 

S.M.ONICA,    or  StlD- 

Cape  l.iaconta    . 

30  29 

19  30 

C 

niqae      . 

10  38 

33  56 

CapeSenbion     .         - 

31  21 

SO  16 

t 

Cipe  Billauri      . 

10  00 

33  40 

Zoira 

30  44 

W  46 

Mount  \thiM 

40     7 

34  15 

Ben^ia     . 

38  16 

SO  SO 

ConlUM     . 

10  39 

83  68 

Cape  Docn 

33  55 

El  8b 

10  40 

34  60 

DERNE    . 

38  48 

a  11 

Cipt  Micri 

10  30 

S3  33 

Cape  RaiatiB 

38  30 

13     S 

TiM  Darrixaglleii 

10     3 

36    e 

Cape  I.UCO 

11  60 

Si  00 

37     6 

Can  SoUouD      . 

31  44 

SS  18 

(itlipoli       . 

10  86 

26  37 

1 

pJotlUmadan    . 

31  38 

S6  00 

CONSTANTINOPLE 

J8  55 

CapcLago^o    . 

31  S3 

S7  90 

Cape  Capopera    . 

11   13 

S8  44 

XXJt.    ■n^ita.jtSt. 

™IS«qr.Jw/. 

ALEXANDRIA 

11     S 
11   13 
31   18 

89  30 
30  Ih 
30  38 

Ul. 

Lonn. 

Aboukir     . 

D.    M. 

D.    M. 

RoietU 

31  84 

30  58 

i 

I.m.rl        .         . 

15  SIN 

i8  SUE 

31  33 

31  30 

1 

Akeimui    . 

If  11 

w  in 

31  84 

38    7 

>ldcwa 

46  S3 

to  37 

CapeCatIo 

31  30 

33  30 

Khenoa     . 

M  39 

J9S6 

ElArirt      . 

31   13 

33  50 

K«lof 

45  15 

13  25 

irfi 

38     5 

35    3 

U  40 

13  36 

M.  Cannel 

33  50 

35  16 

V.nirair*  . 

15  as 

M  87 

d 

Acre 

33  00 

35  26 

b-ui>coHi 

4.1  13 

10  30 

1 

Cape  Blanco 

33  10 

35  19 

Icrinroy  ■ 

17  li 

la  39 

Ciq«««T*nle     . 

33  88 

35  S5 

rrebiiomJc 

11     3 

(9  37 

?r.,r-  : 

34  88 

SS  50 

41  10 

t7  48 

14  46 

36    7 

Sbop.        .         . 

l48     3 

13    9 

Torw™      . 

35  as 

16    S 

CapeZarat 

3«  14 

15  53 

KXXI.     Tkt  St^K  Cm 

M  ^  tht  JtidiUr- 

*LEXANDRETTA,or 

36  15 
36  58 
16  11 

36  80 

36  IS 

37  ID 

» 

LiL 

Ucg. 

ALEPPO   .' 

? 

0.    M. 

D.    M. 

pS«  cSJaro      : 

16  40 

34  It 

^ 

CN*Sp«teI        , 

W49S 

5  54W 

36  14 

a  85 

TAMilER 

U  40 

5  49 

Cape  Draumonte 

36  30 

33  80 

Ceuli 

i-,  54 

■5   16 

Satalia        . 

37     3 

30  55 

1 

'eluui 

ts  19 

5  S7 

Cape  CbelidoDi     . 

36  18 

30  40 

Cj^it  Ntfril 

I&  14 

4  84 

^ 

Boiio  litoiid 

36     S 

29  59 

Cv«  BuUI 

13  10 

344 

Cape  Seven  cspei 

^6  26 

29  00 

C»p«  Thtee  ForcM 

)5  SS 

S  67 

MJTri         .      " 

-A  40 

29  30 

Z>ff<r<n>  . 

M  57 

a  s 

Cape  Baihe 

i6  38 

97  4.. 

;;:sK  : 

JS4T 
IS  58 

1     9 

0  48 

rape  Crio 

Cut.  '^L   M.TT     . 

:(,  45 

"'? 

S6B 


TABLE  XL VI.    Latitudes  and  Longitudes. 


S 


Cipe  Black 

SMYRNA 

Adramittm 

Cape  Baba 

Cape  Janetaii 

Mondaiiia 

Scutari 


Lat.  f  Long. 
D.  M.  D.  M. 
38  46N  26  25E 


(38  28 
39  37 

39  35 

40  3 
10  86 
40  57 


27  20 

27  5 
26  10 
26  24 

28  50 

29  4 


XXXII.    IsUmdf  wUhin  the  StraUt, 


Alboran 

Fromentera,  W.  point 

—  E.  ditto 

Ivica,  S.  ditto 

— N.  E.  ditto 

Salina 

Cabrera  S.  point 


Lat. 
n.  M. 

36    IN. 
38  39 
|38  43 

.{38  no 

.!39  16 
.,38  49 
.139  12 


MAJORCA,  S.  point      39  20 
—  N.  ditto  .40    7 


—  W.  ditto 

—  E.  ditto 

—  MAJORCA  TOWN 

Dragon  Iiland 
Colebrea 
Minorca,  S.  point 

—  PORT  MAHON     . 

—  N.  point 


Cape  Cone 
Baint  Florenzo 
Calfi 

Southpoint 
Cape  Signo 
BASTIA    . 

N.  P.  Lagotardo 
CapeAainara 
Cape  Caceia 
Cape  Otano 
Cape  Malfetcoa  . 
CAGLIARI 
Cape  Carbonera 
CapeFrancea 
Olaiter 

Cape  Catallo 


Aainara  IiL  N.  point 

Antiocb  Island    - 

Toro 

GaliU  hland 

iiorgona     . 

Cabrera 

Elba 

i'lanera 

Formigiies 

Monto  Cbrifto 

Gilio 


39  45 
39  42 
39  34 

39  49 
39  52 
39  43 

39  62 

40  18 

43  S 
42  36 

48  30 

41  58 

41  21 

42  14 
48  27 

41  14 
40  63 
40  31 
39    9 

38  60 

39  16 

38  67 

39  39 

40  8 

40  48 

41  7 
38  55 
38  47 
37  38 

43  25 
.43  8 
.42  50 
.48  43 
.48  33 
.48  17 
.48  88 
.48  16 
.40  43 
.40  48 


Long. 
D.    M. 

0  A7E. 

1  24 

0  65 

1  26 

0  50 

2  37 

S  42 
300 

2  7 

3  17 

2  39 

1  59 
0  30 

3  42 

4  22 
3  35 

9  19 
9  16 
8  40 

8  44 

9  21 
9  37 
9  32 


9 

8 
8 


8 
6 
7 

8  14 
8  54 
:iO 
48 
50 
34 
47 


9 
9 
9 
9 
9 


8  14 
8  15 
8  18 
3 
51 
50 


9 
9 
9 


10  12 


10 
10 


7 
5 


10  26 

11  00 
U  10 
13  00 
18    6 


J 

ft 


.it 


3 


Capra 

MESSINA 
Cape  Orlando 
Cape  Cefala 
Cape  Cnfrana 
PALERMO 
Cape  AIoii 
C&pe  St.  Viflto 
Tripano 
Cape  Ruio 
Cape  Alicatc 
Cape  Secha 
Cape  Fassari 
Sarngossa  . 
Cape  Carmale 
Cape  Moline 

Stromboli 

Lipari,  S.  point 

Salina 

Volcano 

Fclicudi 

Aliciidi 

L'sti'^a 

Levaci 

Marctimo 

Favognana 

Quill  Rocks 

Pantellaria 

Linosa 

La  Pidossa 

Lampion    . 

Gozo,  N.  point 
C.  Comoneto 
UValctte 
Cape  Nicholas 


Fano,  entrance  to  < 
gulfofVenice  . 

PeTagoaa     • 

Plana 

Tremiti 
•^Lissa,  S.  point    . 

Pomo 

I^nga,  S.  E.  point 

Corfu,  S.  E.  point 

Pazu,  S.  point 

St  Maura,  W.  point 

Cefalonia-  S.  point 

—  Cape  Viscardo 

Zante,  S.  point  . 
^  Ccrigo,  S.  Point 

Ccrrigotto 

Milo,  Town 

Scio,  Town 

Mytelene,  Town 

Tenedos    . 

Lemnos 


C.  Crio 
C 
Si 
Cape 


ix"^. 


TABLE  XtTX.    Ufltudea  Mid  Langttrfw, 


-n<- 

■nnr 

Ul. 

t;::^ 

D.    M, 

D.  M. 

I>.   M. 

D.    M. 

tCBpe  Sider» 

;t6»N 

16  S8E. 

hfadeir.,  Tritlam  poinl  13  54N. 

IT  14»V 

3  C>pe  SaluDOne  . 

3S  00 

io  W 

-FUNCHAL     .        ,19  38 

16  54 

1                 

S.  De«rlo»,S.  poinl    .1*33 

16  35 

-Z    OOM 

3-1  ao 

94     1 
«    S 
27     7 
i9  30 
M81 

hi.  Salregu,  middle     .  W  13 

13  43 

Uoi^S-poinl    . 

i5  37 

a  57 

PIton  .                          .Iw    & 

IS  54 

Senpurto    - 
Rhode.  Town    . 
Rhodes,  CpeSt-Gioaae 

XXXVI.      CHry  liUaOt. 

UL 
D.    M. 

rt 

C»pa  Andrew      . 

as  41 

U  33 

Pilma,  Toirn       . 

*8  39N. 

17  SOW 

1  Cape  ^■lizui      . 

M  rt 

S3  47 

-  N.  point 

18  SO 

ISOU 

»  a 

Jl   41 

-  S.  pW. 

38  31 

17  56 

3i  Cap«  (Htto 

MS* 

33     8 

Ferro,  Vatvcrde    . 
GomlKi.  Sl  Sebuti«n 

37  4T 

17  66 

fS     7 

14       9 

3S    6 

17    8 

™., 

TeneriETe,  tlidalgo  potn 
—  Otouvj  . 
-Tens  Point       . 
-Peak       .        . 

18  40 
tS  84 
38  IT 
38  16 

16  81 

16  36 

17  1 
16  46 

LsL 

Uns. 

D.  M. 

D.   >!. 

—  Pofi  CbrtMiBnoj 

37  57 

16  53 

CBpc^wIel 

3S  49N 

SMW 

-  SANTA  CKOZ 

38  37 

16  16 

3S  11 

f,  13 

C>n»rj.  N.  E.  point 

38  13 

16  38 

'i  A"rLice'    ;    '. 

M    5 

6  43 

-Pttlmaa    . 

33     8 

15  48 

>liUagBa    . 

33  18 

9  35 

-  S.  W.  point      . 

n  45 

16    3 

Cape  Ceotin 

33    3 

8  40 

3i3s 

9    5 

—  Point  Gordi    . 

38  46 

13  63 

Stf&i  But 

39  SO 

846 

-S.W.pmnt    _. 

38    4 

14  81 

o   vloUAUOREUIand    - 

3)  Sfi 

9  31 

—  Puerto  deNtof 

39  61 

13  35 

Kf;.peG«r            .          .,30  38 
1  Cl«el:ind'.  Shod         .|30« 

9  S3 

38  57 

13  33 

10  il 

Punla  dd  FuJon 

39  14 

13  13 

i;  SuiuCrui          .         .30  30 

9  38 

Qrwion 

39  14 

13  14 

C.pe  Nun                    .  !3  W 

11  15 

SL  Claire     .        . 

39  17 

13  13 

Enlranc<iorR.Nun     .23  17 
r,pe  BiMca         .          .  ST  S4 
CBp«B»J4dor      .         .S6  la 
Cpc  Dm  B>rtMi         .  i3  is 

11  31 

13  43 

14  37 
16  40 

AkpaoM   . 

39  30 

13  1" 

XXXVII.      Cope  Pert  /donJ.. 

L>L 

\^\ 

Cape  BlBDco                   .  SO  56 

17  10 

D.    M. 

Cape  SL  \na       .          .80  *f 

16  35 

3L  Anlhonj.  N.  W.  P. 

IT  UN. 

25  I9H 

Cspe  Mjric         .         .  19  10 

16  a) 

-N.E.  point     . 

17    8 

■^  Porlcndie            .         .  18    7 

16    3 
16  31 

-SANTA  CHUZ 

17    9 

35  IS 

St.  Vincent 

16  59 

35     6 

g  C.iPEVEHD      .         .  M  47 

17  33 

St.  LtKia     . 

SLNichotu,  N.   pom 
—  Eul  point 
Salt  bland 

16  46 

34  55 

XXXIV.     Tht  Waltni  hU 

luji. 

16  38 
16  4S 

34  IS 
33  56 

UL 

L005. 

D.   H. 

D.  UL 

16    4 

U  45 

Corro 

39  44N 

31     7W 

I.eton  Bodt 

15  49 

U  14 

y\an* 

39  26 

31     7 

NleorMay 

13    i 

Fi}al,  S.  E.  point 

3S  30 

28  43 

StJago       .        . 
—PORTO  PRAYA 

Pieo,  Paint  de  Etpertal 

3S  36 

iS  35 

14  M 

wn 

-  9Bn.<ni<  of  PeJi      . 

39  S7 

33  m 

—  N.  W.  point     . 

ISK 

S9  48 

.  St.  Geui^.  S.  E.   point 
j:  Graciodi.  Villi  ilaPnji 

38  31 

37  50 

Fogo,  N.  point     . 

14  ST 

$4*a 

:i9   S 

27  40 

-Middle    . 

14  51 

U  83 

"■  Terceira,  Angn 

38  39 

«   13 

Bmrs,  S.  point     . 

14  SO 

H  4.<> 

^it.Micliul.  P.OeleElda 
-  Point  Kcrrarin 

J7M 

iS  S3 

xxxvui.   fy«m  Cape  r„d  h 

4«Cep. 

-  N.  E.  Point 
Fotmigu  or  Anli 

*7« 
&7  IT 

as  IS 

34  S4 

of  i!«pa  iitpt. 

LaL 

In, 

St  M«7.  Town 

36  89 

*i  10 

D.  M. 

-W«i  Point     . 

3*69 

35  14 

CAPE  VERD 
Gorec  Uhs   . 
Cape  Naie 

14  49N 
14  40 
14  39 

17  3S\V 
IT  85 
IT  13 

XXXV.    M«M»il.Und, 

UL 

in: 

Cape  SL  Marj,  cnL  le 
Lbo  Riret  Guubia 

D.    M. 

13  19 

1640 

Porto  Stnlo,  Town 

13     4N 

Cape  Roio  . 

13  11 

16  48 

Madeira.  Lorcazo  pL 

i»  43 

16  .% 

-£aLiiE : 

10     S 

*** 

170 


TABLE  XLVI.    Latitudes  and  Longitudes. 


I 


^ 


Delot  Isles 

CAPE  SIERRA  LEON 

St.  Ann*s  Shoal,  W.  P 

Cape  Ann    . 

Cape  Mount 

Cape  Mesurada    . 

Sestos  Rirer 

Capo  Palmas 

St  Andrcw^s  Riycr 

Cape  Labon 

Cape  Appolonia    . 

AXIM 

Cape  Three  Points 

Dix  Cove  Fort      . 

Sakondoe 

Blmina 

Cape  Corse  Castle 

Anamoboe  Fort 

Acra  •        • 

Cape  St.  Paul 

UTiidah 

Formosa  River 

Cape  Formosa 

New  Callabar  River 

Cameroon's  River 

Cape  St.  John 

Gabon  River 

C.  de  I^pas  Gonsalvez 

Sesto  River 

Congo  River 

Amhris  Bay 

Dande  Point 

Cape  Ledo 

Novo  Redondo    . 

St  Philip  de  Bengiiela 

Cape   Negro     (appears 

like  black  hommocks) 
Tiger's  Island,  N.  P. 
Cape  Frio     . 
Walwirh  Bay 
fllhca  Point 
\n<rra  Pequena    . 
Elizabeth  Bay 
St.  Helen's  Bay,  (Cape 

St.  Martin's)    . 
Saldanah  Bay 
Dasscn  Island 
Table  Bay,  Robin  Isl. 
Cope  of  Good   Hope 

Town 
CAPEofGOODHDPE 


Lat. 
D.M. 
9  83N. 

5  89 
7  5 

7  6 

6  46 
6  21 
5  34 
4  30 

00 
15 
59 
53 
36 
44 
54 

2 

7 

9 
30 
5-2 
24 
33 
18 
20 
33 
15 
23 
56S. 
33 
10 
56 

8  33 

9  43 

11  20 

12  39 

16  00 
16  30 
18  40 

22  55 

23  33 

26  37 

27  00 

?2  42 
J3  7 
33  25 
33  49 

33  58 
.-54  24 


5 
5 
4 
4 
4 
4 
4 

5 
5 
5 
5 
6 
5 
4 
4 
3 
1 
0 
0 
2 
6 
7 


7 
6 
5 
3 
2 


I^ong. 

D.  M. 
13  26>V| 
13  3 
13  28 
12  21 

11  10 
to  40 

9  13 

41 

10 

17 

10 

55 
2  44 
2  33 
2  20 
2  00 
1  52 

1  41 
0  12 
0  43E. 

2  12 

4  35 

5  10 

6  50 
9  5 
8  36 
8  45 

8  43 

9  50 

12  25 

13  15 
13  47 
13  28 
13  48 

13  29 

11  54 

12  1 

12  42 

14  40 

14  40 

15  16 
15  37 

17  40 

18  7 
18  7 
18  25 

13  28 

18  28 


XXXIX.     hlawbt  between  Cape  Verd,  the 
Cape  of  Good  Hope,  and  Cape  Horn. 


St.  Paul's      . 
Ferdinand  Noronha 
The  Roccas  (dangerous) 
Femand  de  Po,  N.  P 
Prince's  Island 
St  Thomas,    (Man 
War»s  Bay)       . 


I 

.at. 

D. 

M. 

0 

TioN. 

3 

5oS. 

3 

52 

3  25N.I 

1 

33 

0 

27 

Long. 
R.    M. 
29  13\V!-^ 
J2  35 
33  26 

7  36E. 

7  27 


"3 


StTh's-M.ofW.B  S.P. 

Annabona   . 

Trinidad 

Martin  Vas,  (largest) 

ASCENSION 

ST.  HELENA,   James 

Town 
Sazemburgh* 
Tristran  d'Acunha,N.  P. 
Inaccessible  Island 
Nightengale  Inland 
Hibemia  Rock}»( doubt. 
Diego  Alvarez  (doubt. 
Gough's  Island     . 

I.  Raza,  N.  W.  point 

Salvage's  Isl's.  N.  point 

The  Sisters 

Port  Egm'jnt 

hland  Concha 

Cape  Leal     . 

Point  de  la  Barra,  N.E. 

Point 
Cape  Corientes     . 
Porl  Soledad 
Cape  ^t  Philip.  E.  P. 
Beauchenes  I.  S.  point 
Porpus  point 
Cape  Meredith     . 
Cape  Orford 
Cape  Perciral 
Aurora  Isles, 

—  Northernmost 

—  Southernmost 
Eagle  Reef 
\lezander  I.  Island 
Peter's  I.     . 


Island  Georgia,    . 

—  Cape  Buller    . 

—  CapeDisappointment 

—  Willie's  Isle    . 

—  Clerk's  Islands 
Sandwich  Land,  (Cape 

Montague) 

—  Candlemas  Isles 

—  Southern  Thule 
Isle  of  Circumcision 


69  30   moo 


53  58 

54  58 

54  00 

55  5 


XL.     From  the    Cape   of  i^ood  Ape  i 
Canton,  with  the  adjacent  Idandt  « 

Shoalt, 


Lat. 
D.    M. 
34   84S. 
34  96 


6  45 


'-Q 


C\PE  of  GOOD  HOPE 

Cape  False 

CAPE  AQUILHAS,  or 

LAGULLUS    . 
Cape  Infanta,  S.  ent.  to 

St  Sebastian's  Bay  .  34  35 
Cape  V aches  .(34  24 


34  55      iO  IS 


20  54 

m  5 


at 

18 
18  41 


•TheesUtftiici*  of  ihi«i  Ubiml  It  omwldi^redduubirul.  TboaiEh  ibe  appcmrance  of  laijcl  isBiid  to 

seen  tiy  M^eml  v«»els  In  variouf  fliamlfnis,  rmm  9C0  8  S.  to  90045'  8.  ami  rrom  ab"  aC  C  to  tt*  9B^  t 
Xbe  bland  bu  lllav\h»'w  <\oe*  wA  tiiXii^\i^\Tv^  \\\<  i^toh  m  Aapahoim. 


■ 

H 

^^H1 

^1 

I 

■ 

TABLE  XLVr.    L.titudM  aod  LongiindM. 

1 

an 

1 

t-at. 
1>.    M. 

B^"S 

1).    M. 

TI. 

Cape  St.  Blu,  S.   Mo.- 

Socotra  liUnd,  6.  P.     . 

It  I3^ 

>el  Bi)     . 

a  m. 

»  18E 

—  Tamarida  Bat 

18  40 

M93E 

C»«  l>ele>do,  S.  enl. 

tbdoL-Curia  Uand 

18     5 

G9  39 

34     6 

23  48 

Cape  Fclii 

18  00 

50  SO 

Cpe  Mwinuin, 

H  14 

2ft  00 

Cape  S(.  Peter     . 

II  37 

SO     3 

Algo.  Boy,  Ctft  Recife 

25  4a 

Matte  lilind 

II  81 

48  5S 

Cbtot   or  Bird  liluds 

13  4S 

26  22 

.lis,  or  Burnt  Island 

11  14 

47  88 

Dod.!ingtonRofk 

26  SO 

Berberi 

10  22 

45  10 

Cape  Pidroo 

i3  40 

26  34 

ZejU 

11   17 

43     S 

»i<idelnl>nl>,ent. 

33  IS 

87  37 

)3  IB 

88     7 

Babelmuidel  or  Perim 

Fir*lpoinlofNat.l 

3!  n 

S9  85 

Ishnd 

18  3S 

43  29 

Middle  pL  of  N>ul.     . 

31     8 

SO  45 

Babelmandel  Cape 

12  40 

43  32 

Third  pL  of  Naul 

30  15 

31  82 

PinUier'9  Sbual 

18  56 

»    8 

Port  Naul  . 

29  S5 

11  38 

RasRaltah 

14  56 

10  55 

Point  SI.  Luci»    . 

28  36 

38  48 

DhalK  l.land 

16  38 

10  15 

Smokj  Point,  C.  Furnas 

£7   13 

33  16 

Massoo-ah  Bay     . 

13  M 

39  37 

l>elagoa  Baj, 

Fori  MomingtOD,  ent 

19  16 

38  33 

—  Cape  SL    Mary,  N. 
E.  P.  1.  SLMu7       . 

Suabn                  . 

19    5 

37  33 

iS  53 

53  15 

Mina  Sheik  Baniud 

19  35 

37  24 

-Englbh    River,   lu.- 

SalAka 

20  88 

37  27 

td  58 

32  41 

Cape  Caimar 

11  S9 

37  95 

Cape  Corientea     . 

24     S 

3S  BI 

SI.  Jobn't  bland  . 

83  33 

36  10 

InbanLaa    Baj-    Sand 

Rai-el  anil,  (CapcNoM 

1»56 

3iAa 

PoinI  on  B.  tide  Baj 

i3  n 

35  52 

Reef  of  Breakers  . 

84    4 

S6  16 

22  00 

36  00 

rbree  Islands 

84  86 

8196 

Reet  of  Breakers 

84  54 

35  49 

(•bom) 

il  IS 

36  OO 

[>ed>lu>  Shoal 

84  58 

'it  56 

Sofola  Baj, 

Gebel  Bibelot      . 

25     8 

34  54 

"  Shoal  offSoWa 

20  47 

(6  38 

^  Centurion  Shoal  , 

25  90 

is  48 

-Chulawanorllolji 

20  36 

S3     4 

26    8 

M  IS 

-  Sofala,  fort      . 

10  IB 

(4  45 

^  Tbe  Brothe'n      '. 

K,  19 

»4  47 

IS  10 

37  30 

1  SUEZ         .        . 
^  Cape  JehM 

30  00 

;I8  88 

RoLitT  Bank     . 

17  39 

18  87 

29  33 

i3  11 

roeo,  otFireUtand.oa 
Quiiuogo 

Tor  Uaibonr 

88  19 

3SS8 

17  la 

M  58 

Ras  Mahomed     . 

27  43 

34  15 

Raior  liland 

17     5 

n  1! 

SbaduaiiL3.E.  P. 

87  96 

asM 

Angola  (!luid>. 

Bsreedj  Hatbour 

2117 

37  4S 

—  Western,  Caldeirm 

_  —  Eulirn,   Mafamalo 

16  40 

»40 

Vambo        .       . 

M  10 

39  « 

10  25 

JudJah 

81  S9 

M  IS 

■  MOZA.MBiaUE 

15     1 

to  47 

CsmlidiB 

19    7 

10  50 

12  SO 

10  58 

Manibia  BMbW.  P. 

19  11 

40     5 

S  Cape  Deteado 

10    6 

JO  50 

Dooriiall.    . 

16  15 

18    S 

^QuLloa           .         . 

9  41 

39  47 

Uhria 

15  44 

48  44 

-  Zaniibar  lataad,  S.  P. 

6*9 

W46 

UebelTor     . 

15  32 

KUO 

I-N.P.       .      '. 

540 

M46 

Cape  l-rael 

IS  16 

19  41 

"pen.baorKeddi«,S.F 

630 

40  19 

Tnhrl  ZabajT       . 

15    3 

18  18 

—  N.  P.      . 

4« 

10  26 

Hodelda 

14  48 

H57 

Mombaa  Harbour,  enl. 

4    4 

40    2 

1135 

18  S6 

Chencf  River 

3  37 

10    7 

(^bel  Zcghir 

14    8 

13  53 

tluUi«Ki.w 

385 

to  19 

Unat  Anoe 

l.»  11 

a  52 

Uopanl'iSeef    . 

3  16 

41    S 

MOCHA     . 

13  80 

13  80 

FannoM  Bay,  S.   pain 

300 

«1     2 

—  N.  foint 

a  39 

11  21 

a'  Cape  St.  Antbonj 

18  39 

U  14 

Palt.            .        . 

1  10 

41  18 

f  Cape  Aden 

12  44 

IS  14 

0  83     |43    4    1 

4  Cape  Ilarpah        . 

13  30 

17    8 

Juba    . 

0  13 

la    2 

MacflU  Bay 

13  57 

17  S9 

BraTB 

1    8N 

14  10 

14    6 

«9  84 

Mae^loo 

9    6 

13  49 

KisMBo  Poinl 

IS  19 

SI  80 

Cap«Ba..a. 

4HI 

18  49 

Cape  Fartuh 

IS  34 

SI  56 

M«o  Cobir  PoJM 

830 

50  45 

Dobr          .        .        . 

17    a 

S4  10 

Cape  Delgado,  noift 

10  DO 

51    17 

Cpt  Mortbat 

17  00 

.4J9 

Ca^  Orfui  .         . 

10  23 

51  39 

CapeMonUval,  N.EP- 

17  86 

;5  8" 

(Tape  OuardalUi     . 

n  SO 

51  3« 

CuriaMnria.!.  Weaterp 

17  33 

55  «i 

Fiocotn  laluid,  E.  P. 

IS  30 

54  53 

Cape  Chantcln    . 

18    1 

5680 

—  v.  P.      .                   .'la  37 

sj  38         'C»i«  Uolelle    "    . 

18  SB 

&14ft 

- 

1 

TABLE  XLVI-    L&titudes  and  Longitudes. 


ft    M. 

»    M. 

-r.St.  ■  --- 

D.  V.     D.  fc. 

MsHim  I.!ands.S,W.P, 

iO  HON 

i8  19E 

Surde  I>land 

25  SON.  54  VK. 

-  N.  E.  P. 

iO  33 

3S  56 

Cap*  Dqera 

2f,   3€     54  41 

Raulhad,  (Cope  Ruil- 

Cape  Boitana 

2i>  30      54  51 

i 

g»tl          .        .        . 

i2  92 

59  5S 

Linga          .        . 

26  33      55     1 

Cnpa  Kuriat 

23  20 

58  57 

^  Kisbm  liUnd. 

I 

MuMU        .        .        . 

as  38 

W  41 

?- S.  IV.  Point    . 

26  3»      55  a 

Burki 

iS  41 

57  56 

=>  —  Point  Bajiadore,  or 

Point  Dela  . 

i5  34 

56  so 

S        N.  W  P.        . 

26  38    ssn 

:  -  Luft       .        . 

26  55      »  Si 

Cape  MuMendom 

26  SI 

56  58 

:  -  N.  Point 

27     9     M  10 

tnb,  or  Gap  Island     . 

Sb  22 

56  42 

~  -  Kiibm  Town  . 

86  S7    b*  « 

[ireat  Quoiji  Uland 

^6  30 

56  44 

-.  Antrum  1.  Did.     . 

26  39     »*7 

CapeJedcc  .        .        . 

■36    8 

56  IS 

Lanek   I.  (tonical  hiB 

96  S3      »  « 

Humps 

15  54 

56     3 

Onnui  I.   N.  end,  fort 

87     7      ilJI 

25  47 

56  00 

Gambroon    . 

87  13     M  n 

Lmrah,  or  Rei  ItUnd  . 

25  43 

55  49 

B»  Kali,  or  Cape  Hil 

86  80      n  N 

Sha,p>         .         .        - 

25  22 

55  38 

53  40 

barack  Rock      . 

95  GS      i7  4i 

Z>ra  Iilanil  . 

S5  io 

53  46 

IS49    \i1  it 

DauH  lilond 

15  10 

62  45 

25  43    I&7  » 

tarnaiii  liUnd      - 

15     6 

52  55 

AntDic  litand      . 

24  .^ 

52  33 

CapeJuk    . 

25  36    ks  to 

DnlDiTliIand 
Seer  BenijM  I.  . 

94  36 

52  S4 

Chortisr        . 

25  16    tet  » 

^4  34 

52  40 

ICape  liwaduror  Guide 

as  4    a  i» 

Dinie  lihind 

25     1 

52  20 

.  Cape  Ambah 

3S    7    ka  »4 

(,hwBn,»  bland  .        . 

2S  13 

52  IS 

j  Cape  MoDDzeor  Mowfr 

Hawlool   bUnd,    <pro- 

:]    Tee 

H  Sl'lbb  SO 

hably  1.  May)  .        . 

!S  41 

62  23 

*■  Konuchee  or  Crotche; 

14  46    M     7 

RaiRtccan          .        . 

26  11 

51  16 

River  Scind,  enl.  erand 

Koor  Uu»an 

26    a 

51  11 

branch      . 

34    B    kl  » 

KatifBay.  N.P.   .        . 

26  36 

50  12 

Tallah 

24  44    ^  17 

Three  low  tandy  isls.    . 

27  42 

49  3U 

jBate  Cattle 

22  S8    M  30 

Sandj  liland 

27  52 

49  25 

1  Point  Gigit 

2«  ao   M  10 

Rasulzoor    . 

26  53 

48  16 

iDiu  Head    . 

20  48     U    fc 

Jaffralind      . 

80  55 

Tl  16 

orGraenUatcn) 

29  JO 

47  57 

SeBTbeti  Island     . 

80   5S 

71  41 

t 

2B  4S 

48  38 

Coapnal  Point 

91    IS 

7113 

Graan          .        . 

39  24 

47  48 

Camba} 

23  S4 

79  » 

1 

Pherleecba  IiUnd 

29  3U 

48  25 

Swallow    Point    <Vnns 

: 

Btire  rifcr  bar    , 

29  57 

48  42 

Tomb)     .        . 

SI     4 

7SSI 

t 

BASRAorBUSSOHAlI 

30  29 

4T  40 

Sunt  Caille 

SI   11 

7)    i 

: 

Deliun 

29  55 

50  13 

Demaun 

20  83 

n  « 

C^Bang   .        .        . 

29  46 

50  87 

Highland  or  St.  Jolin     . 

30     S 

n  ( 

Karak  liUnd 

29  16 

50  87 

Terrnpore  Taint  . 

19  60 

7141 

Buahacr 

29  00 

50  56 

Baaseen  hi»ej-      . 

19  IS 

73  11 

Halilafa  llills,  N.  P.      . 

■29  19 

31  26 

Bombay,  (flagatafll 

IB  56 

nss 

Aaaea  Ears  . 

28  S9 

51   20 

Bombay  iighthouae       . 

18  54 

71  ti 

Zeiarine      . 

49  54 

Htneiy  and  Kenery  ls|. 

Kejm    .         .         .         . 

27  49 

50     4 

18  4S 

rss 

Cape  Bcrditlan     . 

27  58 

SI  26 

Coulhbn  Iiland     - 

18  37 

TSM 

Konkluti 

27  49 

53     6 

Chaoul 

18  3S 

73    1 

Cups  Niibon 

27  24 

52  52 

Radjapourbartxnjr 

18  i6 

73   1 

Cherab  Hill 

S6  S6 

54  17 

BancoolKiver       . 

17  57 

73   9 

Bushcab        . 

26  43 

53  95 

SetendrooB . 

17  47 

7)  IS 

\rad  liland  . 

26  15 

50  40 

Dahul          .        . 

17  46 

73  If 

ib  55 

50  36 

Argenwell  Fort    , 

17  34 

73  li 

Cr«Mnl  !*W1     .        . 

i6  44 

51  43 

Boris  Point 

17  35 

73  It 

—  ditto  FaTourile 

Zughur  l-oint       . 

17   16 

73  17 

aoundinip.       .        . 

!6  50 

51  10 

73  >1 

Hind<:r«b«i  island 

ib  39 

53  42 

1*6  47 

73  Si 

KyenOfKeiisland    . 
PoliororBcliorljland  - 

26  a9 

8«  18 

54     8 
54  40 

GtrUh  point  U  danUfi 
Angh» Bank.  N.I.     . 

16  31 
16  38 

173  «i 

7s  a 

lirestTumlfl.      . 

26  17 

55  S4 

-  S.  P.      .        . 

6  IB 

7S    1 

[.iltlc  Tumb  1.      . 

26  14 

55  13 

Dentbur  harbour 

■6  93 

'3  31 

^obfleu^  I, 

26    e 

54  34 

Aicfaira  RiTor 

6  11 

73  » 

_ 

tormesa  MvA    . 

*5  5\ 

SS    9 

Melundy  (fortiBed  U\-) 

6     3 

nat 

TABLE  XLVI.    Latiuidcs  and  Longitudu- 


n.  M- 

Tsrr 

D.  M. 

<h. 

rt 

J  Santte  Point      . 

5  JrtA- 

73  39E. 

=  Punnccoil     . 

..  9  17 

73  30E 
■«  38 
79  98 

1  .in)!«rla   Ko.-k!.  or 
S       Burnt  Ulamli    • 

3  6:1 

73  3t 

i  rutai  .rinc  .          . 
^  I'oiiil  Itanivn 

^  ;(•/<-■  Paint 

i  U 

73  4t 

Uevisiiataiit 

.   9  29 

79  UO 

IChincale  Kort      . 

i  41 

73  47 

TondT 

,    9  4j 

79  18 

1-hsi.r.  Fort          .         . 
;\'f^BdaPL  N.  enLGoa 

15  3b 

73  m 

Point'Calvmcre     . 

.  10  1ft 

79  38 

— Pagodaii    . 

.10  iS 

WOO 

1.-.  39 

7i  :.:i 

.NcisaiaUm  F..rt  . 

,10  45 

79  S5 

■:o.r.    ;        : 

n  "iH 

71  3^ 

File  White  P^-odas 

of 

[■il.Gi'oree's  I.{iie»ternl 

I.-,  -li 

i     .Najtorc     . 

.■10  49 

79  55 
79  33 

Ov>(er  KDi*k«.outcnuoa( 

15       3 

U    '(, 

,Tra>.>,u=l.»r 

.itl      1 

14  4S 

71  14 

'n«virotta{EvlrroonR.):il   M 

79  54 

'Carwar  Head 

14  47 

74  16 

iPorto-.Novo 

..11   31 

79  4a 

Mrncc  Kiver 

14  44 

74   16 

CuiMalorc    . 

.'ll  43 

79  30 

14  3U 

74  31 

.P(l\DlCiIEKRV 

•111   ■■* 

79  54 

IFaniried  lilanil     . 

14  19 

74  37 

.  -a.!ra-> 

.112  39 

SO  13 

iOflOTE 

14  Id 

74  39 

MAl-'ttVS,   Fort   St 

1 

IPigeoD  l>1an<] 

14     1 
14  30 

7t  hi 

1     l^orge     .        - 
Knnore 

.Il3    4 
.;13  15 

30  98 
5">84 

St.  MaiT->  Hocki,  N.P. 
—  S.  P.        . 

13  il 
1.1  17 

71  55 

-I'ulieM 
Vriiu  i:on 

!  1.1  M 

Molky  Pyramid     .        . 

iLiia 

7.-.    4 

Point  Pennar        . 

.IJ  30 
-13  20 

so  17 

StI    6 
^1     1 

PKiueira.    or    Alulkf 

(iondi'sani   . 

Rock.       .        .        . 

13  II 

74  5i 

-■  Fal.i.  ;  uini  Divy 

.15  47 

MANUALOKE   . 

12  M 

75     7 

;  Point  Di*v  . 

.15  39 

^I  *s 

■Mo..nt  m\,         .         . 
Canonore  Point  k  I'on 

11   5'J 

13  31 

-  MAsn.lPATAM 

.lb  11 

il  19 
PlSO 

11  ai 

-.i  41 

.  Ifi  19 

,r,.UiclKtrynag.«a11-     . 
iMahi!  Port  . 

11   44 

;■■«  19 

75  .-.a 

Z  Point  (iontcnare 
5  fating*        . 

.16  4") 
.lb  49 

s2  23 

n  17 

ISarriliceRock 

75  51 

.16  M, 

W  17 

Calicut 

7U     5 

■Z  Wnltarn 

.17  36 

Si  .15 

BcTpore  River      . 

11   1" 

76    6 

.17  42 

S3  26 
J*3  37 

Panititiv  Hiter       . 

10  .IS 

7b   17 

'Hinilirntain 

.  17  ;".3 

'Chilna'Ciiiirch      . 

10  33 

7bi!0 

'Chi.-anile  II. 

.I-  12 

^3  54 

llani-mFlieilaff. 

.19  22 

S5  lU 

'     R^r        .         .         . 

10  H 

76  il 

■M.n,',ikp.ilnm 

.  19  .to 

35  39 

,Co<'lii>i 

9  a? 

7ii  It 

.Ineccn'iu'  Pasmliit 

.19   'S 

*S  31 

Atippc*         .          .         . 
IPorca 

9  30 

76  34 

iHa.kPag...U        . 

.19  5? 

*b    6 

9  an 

7b  39 

Fnlie  P«ii.t 

.20  2t; 

-7  w 

IhikBr  or  Aybieka 
iQnilon          .         .        . 

'<  .M 

76  46 

Point  Palr:.vrw    . 

.20  41 

87  13 

i  .-.i 

7fi4'* 

BALI-ASiiitF,      . 

.•11  ::o 

a;  ,11 

Anp-n^n  Fort 

3  39 

77  00 

Inxtrlcv  P3;,tii!a     . 

.-?!   41 

■i-  tlU 

IKull<.Ta  l-oiiil 

H  ii 

77     i 

■K,ds.ct<!      . 

.-ii  .>i 

-•5     6 

(^Hiliitidlani  l'i>int 

li    9 

'^V. 

CAI.ri.TTA  (Fort Wil- 

ii»:..)      .      .      .  ;j  U 

■,('Al'KCOM(tRlN 

--  ;!.; 

j—  P^iit  Pedro     '. 

Ch«nJfri.;.3ir        . 

.--■J  .'.1 

'jS  -J? 

9  49 

id  33 

^aerrriiml 

M  11 

|—  CiiIoikIio 

6  .i7 

-1)  m 

.LiKlit-boiiv-  Pi>inl 

.■Jl   30 

88  97 

'—  Adaiii-n  Pcake 

h  a 

"o  te 

^tTi.ii»e.u-niBr..e.  !* 

P.ai     9 

"7   17 

—  Point  de  Uallc 

g:TailHe»Kr..s.;.ltr 

1— Malurd   . 

:,  if 

s:    S.P.        . 

.■:i  01 

-•i     3 

1— llaiidr^Hcad 

3  .ii 

-.1  4.1 

Tail  KnxKrn  Siu  K. 

r. 

I— <iran[|BHaM.s  . 
, —  1.11111-  Buhu   . 

6  11 

6  91 

-1   3* 

FRlii."  '  islit  \.''-' 

.  J.!  .>? 

!?-  21 

=  :-Elrpb«nl  Point 

6  in 

■*1   39 

nilofSa.'ior?--a:i.'.- 

P.-M  i;u 

■5,1—  Arju.  or  \ev>\* 

f>  i3 

-i     1 

jL\>"j^  IK-<'|i  'I^'l.iii.l 

•n  17 

—  ;u 

;:— BaltaroUHuad. 

TI4 

■*!   52 

jl"|j!ns!iailurCM'.l.ip 

,»■■■;  -Jl 

11    15 

;-lnndoo.  Bay   . 

7  57 

-1   44 

'llel(*r3l<M^»>.l   . 

..!■!  ■!< 

;—  Trincuniaky.     Hig- 

'llombucfc  or    i.li-|rhaiill 

.taff  Point         . 

3  33 

H   24 

1     Poinl        . 

-MolewMorMolalM- 

.St.  M„rlLn-«  Reef 

Mil  34 

lallo..^^ 

9  13 

jMoaqu.:   Point,  er.t. 

\. 

j-  Point  Palmvr. 

9  49 

-0  !6 

rr«^     .    . 

■  ■n  15 

n  s-* 

nVtriblci  itnid.)    . 

.19  25 

93     h 

&rn^«..a 

8SS 

-.*  lb 

Chcdoh>rnt;a.la  . 

.  1-     f      4,1   f. 

1*  30 

rn  84 

'l-mUbnl 

-nrr 

T»« 

174 


TABLE  XLVl.    Latitudes  and  Longitudes. 


Lut.    1 

Long. 

Lat. 

I-ong. 

1).    M. 

D.   M. 

D.  M. 

D.    M. 

Poul  Island 

IS     7iN 

93  56E. 

p.  Rrnla,  or  Capas    de 

Church    (or  St.  Jobirfr 

Mtr                            .14  47N.  IU3  37E. 

Rocki) 

17  28 

91     7       a 

-' P.  Capas  dc  Terra         .1   5  15       1«3    8 

Calventiira  Rocks 

16  52 

94    8      -1 

1  TringanyRi\cr,cnL      .    5  ai      :i03    4 

Bufi'alo  Rocks       .        .  16  21 

94  12      ^ 

:  iJrf'iit  Redaiig  Ireland     .    5  50     (103  00 

Cape Ncgniis                .  lb    *i 

94  13 

I'ulo  Prinlian        .          .»  6     4      102  40 

Diamond  Island    .        .13  o2 

94  19 

Cnlantan  Road      .          .    6  i:{     ;10*.ii  17 

Sunken  1.  (or  La  Ciuar- 

Cu|»cPatani                    .    7     4      lOl  51 

da) 

15  41 

94  15 

Pulo  Lozin           .          .'7  m     '.lUi  42 

Rtn{^D,or  Pegu  n\L>r 

ruloCara     .         .          -18  29     jlUO  58 

entrance  .        •        • 

16  29 

%  25 

.  Siani  River,  entrance     .13  30     .;l(il  15 

PEGU 

18  00 

96  62       1 

\  .llTHIAorSIAM         .  14  18     ilOl  JJ  / 

Mtrtaban    . 

16  2H 

97  30      :j 

':  CapcLiant  .         .         .  12  27     iJOl  37    ' 

1 

Tavay  Point 

13  33 

93     6 

Pulo  Way     .                   .    9  55     ,'103  40 

Taray  Island 

13  13 

98    9 

Pulo  Oby  False     .          .!  8  40      104  34 

*■ 

Cabossa  Island 

12  46 

97  29 

PuloOby       .                   .[  &  25      104  54 

West  Canister  Island    . 

12  40 

97  2o 

Caniboilia  Point    . 

S  35     104  56 

Tanasserim  Island 

12  36 

97  30 

C.-imlioiliii  River,  W.  en. 

9  34    ;  106  30 

Mergui 

12  12 

9!<  24 

(Jupr  St.  James  (E.  cnt. 

f 

1  ores  Islands,  western 

11  50 

97     3 

Saigon  R.)                  .'10  17     107    4 

Small  Rock 

11  21 

97  15 

(r'aimTiivonne               .10  21     .107  16 

Domel  Island 

11   in 

97  57 

rohitBuUck        .         .;10  30    ;  107  33 

Sl  Matthew's  I. 

9  55 

9S     4 

•BriltosBank,  N.  E.  P.    10  32    J07  56 

Sejrer*B  Islands,  N.  P. 

8  43 

97  'IS 

Cow  l.=!nnd            .         .  lU  39    ;J07  52 

—  S.  P.      .        .        .;  H  -JS 

97  48 

Point  Kega                    .  10  41    J08     4 

Junkseylon  I.   N.  P.     . 

8    9 

98  20 

Point  Vinay          .         .HO  54    ||08  l9 

~~  o»  «  •       ... 

7  46 

98  20 

Mui-guio  or  Little  Cape 

11    4    .108  31 

Pariu  River 

6  21 

100  13 

Point  Lagan 

11    9    ilOS  40 

Elephant's  Mount          !  6  10 

100  21 

Pulo  Ceiccr  dc  Tcrre    . 

11  13    |108  48 

(iiteda                          .66 

100  17 

CapcPadurau                 ,1121      U»9  00 

PrineeofW&UsM.  Forlj 

Prnbnui  Bay         .         J 11  35      109    4 

Comwallis 

5  24 

KK)  21 

Cape  Van-la  Ful.iu          .  11  44      109  12 

Cope  Caran 

3  32 

101     8 

Carniaignc  Harljour,(-n.  11  49 

109  12 

^^alangore  Hill  and  Fort!  3  -20 

101   18 

Water  Islands       .         .  12    3 

109  19 

Pulo  Callam  or  Colong, 

■ 

g  Tre  Mand    .         .         .|l2  l6 

109  19 

Da   Mm                    •                    •                    . 

2  56 

101   16      U 

i  Pyramid  Island     .         .;12  21 

109  19 

Pareclar  Hill 

2  52 

101  29      ^ 

p  Nbiatrn-:g     .                  .  12  26 

109  10 

Parcelar  Point 

2  42 

101  32      .J 

!  Ihree  Kings  Rocks        .12  43 

109  23 

Tanjong  1'unn,  ( C.  Ra- 

1 

^  llonc  Cobe  Harbour     .12  45 

109  12 

ekado) 

2  23 

101   52     ; 

-  CaiHj  Vania,  or  C.   Pa-! 

Tai^ong  Clin  or  Pci:r 

1 

goi!a         «         .         .  12  55 

109  25 

j 

Puiyah      .                  .;  -J  17 

102     8 

Prrlorated  Rock    .         .12  59 

109  25 

1 

Fisher's  Island      .        .    2  13 

102  12 

Pbuy«  II  Harbour. (lit.     l.>  23 

lli9  14 

Malacca  Fort                .|  ii  1*2 

102  15 

CouHiong  Harbour,  cnt.  13  29 

109  13 

Water  Islands,  southern  1  "2    4 

ltt2  20 

PiiloCambir         .         .13  33 

109  21 

Mount  Mora  or  Mour  .'  1  .V) 

102  42 

CnpcSanho           .         .!l3  44 

U»9  14 

Mount  Formosa   •        J  1  49 

102  56 

QuinboncHar.               .13  60 

109  14 

Mount Battuo  Ballo     .:  1  39 

10".  11 

Bufl'aloL      .         .         .;i4  11 

109  14 

PuloPisang         .        .!  1  2S 

103  10 

Point  Nuoc  Ngol           .ill  19 

109    7 

PuloCocob           .        .j  I   19 

103  2j 

Tauiquan  River    .         .'14  39 

lOH  56 

Tanjong  Booro             .    1  15 

103  3U 

Pulu  Canton                   .It.')  2> 

109    6 

Little  Hill,  or  False  Ju-! 

Port  Qui-quick     . 

In  23 

108  44 

bore  Hill          .        .!  1  26 

104  H 
104  ^ 

Cham  Callao 

15  ^4 

108  33 

JohorcHill           .        .;  1  23 

Cape  Turon  or  Tiencbn 

16     5 

108  15 

BarbticetHiil       .        .*  1  ii» 

104  13 

Callaohanne  I.  (N.  cut. 

Point  ROMANL\         .!  1  '23 

104   18 

Turon)     .                 .16  11 

109    7 

False  Barbucrt  Hill      .    1  30 

104  Iti 

CapeChouvay      .        .'16  21 

107  51 

Romania  Rcpf      .        .i  1  25 

104  25 

Hue  or  Huei^so  River  .!l6  35 

107  26 

Kastcrn    Bank,     (outer 

Tiger  Island          .         ..lb  5b 

107  23 

part)         .        .        .    1  3'2 

KM  35 

Hainan  1.  and  adjacent; 

PuloTingv   .         .         .    2  17 

104     H 

Island*,                       'i 

Bluir>  Harbour   .         .    2  43 

103  40 

—  Yailchcw  Bav  .        .  18  24 

108  52 

Pulo  Varela          .         .'  3  lb 

103  47 

—  Vulenkeu  Bay,Zenby!l8  11 

109  S3 

U'ahRii  Road          .         .J  3  31 

—  South  Pt.  of  HainanllS  10 

109  34 

jringorum     .                  .    4  12 

103  18 

—  Galong  Bay 

Id  li 

109  39 

m 

//'f»w'a«J's  Shoal   .        .\  \  \\ 

V\<i^  %\ 

V—  Hrothcr's  I's.  Easten 

18  U     (109  41  J 

TABLE  XLVI.    Lutitudes  and  Loni^ludM. 


l.al.         I.ou^. 

1 

LaU 

ts. 

II.  M.  la    M, 

n.  M. 

—  LucngsDjPoiiilS.  r. 

l-i32N:ilO0OK 

Prin.i-K<l«Hrd-.i.lBnd. 

—  Sail  Hork 

H  vr,       110     S 

\—  ^oiilhiTiinio-t 

46  53S. 

37  UE 

—  Saddle  Uland  . 

IH  ;!J       IIU  11 

lb  40 

38    a 

—  PoinloriBnd   .          .■\'i  40     llIU  ii 

iKcr^iinllan'i  l.uiid,  or 

-  Nankin  Mand           .  IH  riS     |lll)  -31 

—  TinhoiB  litand        .  IS -lu    llUiaS 

1—  Dliill'i  Caj.,  N.  P. 

43  »9 

68  44 

—  FalBcTinhoiB          .IS   19 

110  31 

,—  Clirislinnji  Harbour 

48  41 

69    4 

—  Toongcan  Mounl.pl.'l'J  .i-i 

■  It      2 

I- Port  PiiUstr     . 

49     3 

69  37 

-H.inai.H<BulN.f,.l'..li'  -.'} 

110  ft! 

1—  Cape  DigLv,  or  E.  P 

49  23 

70  54 

-  South  Tiij-s  |.|ai.,i    .111    \<t 

Ill    12 

;— Caiw  IJeorKe.orS.P 

49  54 

WW 

-^  -  North  Tava  liUiid    ,19  ;VI 

Ml    17 

—  Istand  SoUlairc 

49  49 

6B11 

5  .SoTchou      .         .         .W  '"i 

HO  ib 

—  Cape  I,Dui)      . 

49    3 

essa 

=  Tj.foong-kjoh  1.  {Ticn- 

St.   Paul>   (ur  Anwtcr- 

=       nk  bub.)         .         Jjl  9! 

111   13 

dam  lilnnd)       . 

37  59 

TIM 

TT-Cbooh^hoir  1.       .  Jl  8^ 

III  !.■> 

.\ni]>lcnlani  (orSt.Paul'l 

Sonz-fiie  fnint    .        .Ijl  111 

Island)  S.  P.      . 

38  47 

77  n 

MBm«:-Cho»,     or    Ihcj 

Danish  lti>ck.  'Inohtriil 

99  17 

98  !6 

Twins,  near  5.  W.r.l 

Cloale'.  1.  (!on.  nnccr.) 

29     7 

119  30 

orilai-tinc-'bin       .'21  34 

Ill  .'>D 

Fryal  Rocks 

90  40 

105  30 

ry.-»  Point           .         .-2143 

112  15 

W  S3 

115  55 

Nsmpangl.           .         .il34 

112  li 

Irci-riDmik.        nuar 

Mnndi no's  Cap    .         .21  SS 

119  99 

N.\V,orKo,e     New 

ID  18 

Mong^hon  I.      .        .Si  39 

U9  29 

miry  I^iland         Hoi 

Ifaw-cheun,  S.  W.  end   il  :« 

119  31 

\brolilos  SboaJs  I   land 

28  30 

113  36 

P™pI.(,.earS.W.P. 

Chrislma.  Uland 

10  33 

105  33 

HRT-thcun)      .         .2135 

11-2  34 

Cow  UW-,, 

Wj-Cau..   1.  (nesr   S. 

—  Nortlicrn 

11   SO 

97    A 

point  St.  John'.)         121  34 

112  47 

-  Southern 

12  33 

97  15 

Lieu-Cheirl.                   .Ijl   3t;      Hi  JS 

Clarke's  Bc.r  mid    Ir.i 

Wizard  Rock,      .        -Iiil  47    1113     1 

pcrir-iisR  Slionl 

17  32 

119  14 

rj-kami.     .                 .21  52    Iu3     1 

Dampier-^  or    Srolt's 

Cou-cockl.           .        .21  'iu    lii3    7 

Keer,  N.  W.  .nd 

IJ  5] 

121  59 

i  TtIooI.S.  p.                  .21  52      113  M 

—  N.  E.  tnd 

199  16 

^  Urut  Ladranc      .            21   T.T      Il3  4t 

Coni  Bank 

13  31 

194  39 

^  Potoe  or  PanaEc  I.       .22     2      113  39 

Cor»l  Bank,  9  rallioms 

13  95 

lil  IS 

Uir-Samee  Peak           .  ^2     8      113  40 

Coral  Bank.  7  fall,. 

19  4b 

194  1» 

Tjpa    ...            2i     H 

Cartir^r's-iandil-orBnok 

19  iS 

193  56 

-^l^ao.Cilj           .            22  lU 

111  39 

Bed  bland,  (icrj   ilea 

I.nitDaorTvhoI.S.n-.P.J2  li 

Kew  Holland) 

1.-.     9 

194  SS 

l.iiitin  Island,  Peak        . '>2  24 

Cora]  Bank  lOf,  orlcs- 

12  95 

IM  11 

V-;.!s  Ears           .         .,il  i4 

114      1 

11  .^6 

ISSH 

(^at  Uma  I.  N.  E.  P.  JS    .".     114  IH 

Sahul  Shoal,   <.  IV.  P 

MncPintlofk      .        .22  M    |lll  i* 

lafalh. 

U  35 

134  14 

tVhanipo  aiicharngs       . -'l     b     |113  ii 

CANTON    .                   .'-H     7     |113  14 

rath.         .        . 

II   11 

195  50 

Coral  7  fath.  Bank 

9  56 

139  98 

XIJ.     hiand,  imd  Shod,  m  th,  iJViHJA 

OCEAy,  i((iD«H  Uf  niaifiim„..fl)u 

Eortnnc  Shoal      . 

33     3 

43    5 

C<9H  <|/awd  /r»fH  an<f  SwuIrN,  fA<'v 

Union  Shoal 

35  35 

41  13 

di-,i?(*OMir<»f  fliid.VW/A-irc.Iu/.Vne 

Duleb  Bank 

31  44 

44  00 

F/afr,».(. 

Oltcr'a  Shoal,  doubtfu 

13  56 

36  00 

Lit.    1  UNg. 

Pnncesi  .^uguiU'iShoa 

1  1).    M-  D.    M. 

doubtful            . 

31  44 

36  16 

Uiitrh  Bank.   Slat  Van               1 

Union  Rock),  donbtr.. 

li  «J 

41  20 

Cipelte.                        1                1 

Sxallow  Rackii&.Un!ak- 

Wrioiu  Mtuationi  from' 10  OOS      3S  50E. 

ers,  doubtful     . 

*8ao 

42  10 

— 10    .         .                   .'ih  00     !  43  30 

BeIIi,|uC9C  Shoal,  doubt 

ZS  43 

42  33 

T.laniaquc  Hhoal, 

Star  Bank     . 

25  15 

44  16 

(dDubinil) 

■ 

Madazaorar  Island, 

19    ■)    1  fifi? 

-  Cape  Amber,  N.  P. 

12     9 

49  95 

mm   I  33  84 

^ 

-  Cape  E.1.t         .         . 

15  14 

.W  30 

Ilrunawu'k  Bank.do<ti>l 

37  35     1  36  19 

s 

-  Baj  Antongil  .        . 

16  97 

50  VI 

tWnch  Sboal.  Joabtfu 

38     8     i    13     *. 

¥ 

—  Sl  Mary'i  Island 

17  00 

Ml  95 

AtlnnU't  Kock.  ilaubtful 

36  43        68  00 

1 

—  Fwl  Point      . 

49  :* 

iVeHinjtton   rtho.!,  wtrj 

-FoH  Dauphin  .        . 

15     5 

4h35 

W  53     1  71  43 

-  '''^ 

276 


TABLR  XLVI.    Latitudes  and  Longitudes. 


1     l^at. 

Long.  1 

Ijbx. 

■  Long. 

l 

;I>.    M. 

r).    iM. 

D.     M. 

.D.    >i. 

—  St.  AiicuHtiiic  B?y     1 

Sandy  Island 

15  528. 

55  23U 

ont.  \saiid>  I.)      .'ii  o9S 

14  OOE. 

(ralc^a  or  S.  Itoqiirpiz, 

! 

—  Cape  St.  Viiuoiit        'il  -Kt 

*:i  50 

mid. 

10  25 

■56  .^ 

—  Cape  St.  Andrnv      .lb    2 

lj  16 

^aya  de  MaUia  Bank  } 

11   M 

■62  20 

Madai^^car  I»laiid 

—  limits           .          .  5 

8   18 

59  if  1 

—  Tabic  Cape      .        .  l.>  4.'? 

!6    6 

Fortune  Bank 

7    12 

57  40  1 

—  ficuibatouka  Hay     .  13  A'.i 

4b  -je* 

lohn  de  >o*a 

10   15 

51  12  1 

—  Majamho  Bay          .15  lo 

17     b 

Provideno:  hland 

9     9 

53  00 

-*{|{arr«iidn  H:iv           .14  .^1 
— .nllryniplc  Bay        .  i'i  :^l 

17  45 
IS    9 

Coeti\y  Island 
Chngos  Archii^ela^ 

7   14 

:56  a 

i 

—  fItoMndiwa  Bav       .13  4.'» 
— <^  St.  :::cbn.itiaii    <rJ  -2^ 

IS  •>;? 

4S  54 

—  Diego  Garcia           J 

7  29 
7  J4 

i72«  1 

1 

Siar  Bank        .        .\:^^  ^^ 

14  16 

• 

-  Pitts'  Bank               J 

7  29 

6  .*iO 

7125 

Balsas  dc  India     .         .-•'2  "iS 

10  37 

—  CcnturionV  Bank     . 

7  39 

70  53 

Europa  Kocks      .         .  •11  '2S 

•10    H 

—  Gunge *<  Bank  . 

7  26 

70  5i) 

SusMix  Kocks                .-il  t?.") 

4-J  :ib 

—  Owen's  Bank  . 

6  4b 

70  12 

Bazaruto  Mauds          .^ii  Co 

Hi  12 

C 

"««i 

^ 

—  Egmont's,or  ^ix  Inl- 

1 

Barren  I>IaiidM,  western  18  i»b 

-14  15 

w. 

ands 

6  37 

71  U 

Boglish  Bank                .  17  40 

40  15 

^ 

—  Danger  Island 

;  6  21     ■' 

71  ]{^ 

Juan  de  .N'o\a  or  St.   [ 

C 

*- 

—  Kagle  Inland    . 

6  10   :: 

n  23 

Clirwtopbcr's  1.         .17    .3 

13     7 

^ 

—  Three  Brothers 

6    9    i7l  a"i 

Coffin  Island         .         .'17  .S<» 

41     5 

—  Peros,  Banhos  IsPds. 

5  22    m  53 

Chcsiterfield  Shoal         .lib  :>n 

14     8 

—  daIoman*s  Islands    . 

5  is    ;7i  20 

.Vlavotta  Ulaiid     .         .'1*2  ."il 

45  11 

—  Sandy  Islands 

5  17     72  37 

Mohilla  Island      .         .  12  20 

43  M) 

—  Siicaker's  Bank 

3  00     72  26 

Johanna  Island,  Poakc     I'i  I't 

14  34 

I 

Coiuoro       .                 'jll  32 

43  25 

Pona    Molubque  Atoll, 

f 

1 

Portuguese  Shoals         .112  30 

46  50 

s  P 

0  41     173  20 

John  i\iartin*8  Island 

—  N.  W.  P. 

0  34    173  12 

(doubtful)         .         .10  15 

43  50 

—  N.  K.  P. 

0  33    f73  33 

Firebrass  Bank     .        .  lo  16 

46  20 

Addon  Island  (mid.) 

0  21     t' 

73  35 

Aldabrai»lands,.N.W.P.   9  23 

45  46 

Suadiva.  southcni  group 

\ 

I 

Assumption  Island 

9  4b 

47  16 

—  ."^outh  Reef 

0    9N.73  15  1 

Cosmolcdo  Island 

9  4b 

49  20 

—  South  Island    .         .1 

0  11     : 

73  12 

Marquis  of  Iluntlcy*s 

—  S.  W.  Inland  . 

0  Id     i 

73    4 

Bank 

9  57 

50  20 

—  N.  W.  Island  . 

0  28 

73    2 

St  P6ter*s  Island          .    9  24 

50  42 

—  N.  Island 

0  34 

73    8 

Natal  Island  (doubtful) 

8  2b 

47  12 

—  Northern  group,    S. 

Saady  Island 

9  10 

49  10 

W.  Island     . 

0  48 

73  19 

St  Lawrence  Island 

9  13 

50  58 

—  N.  \V.  liland  . 

0  51 

73  20 

Zaniibar  Island.  S.  P. 

6  2S 

«9  46 

—  N.  E.  Island    .      '    • 

0  58 

73  33 

—  N.  P.      .                 .    5  40 

39  46 

Adoumatis  Atoll  . 

Aniirantel8land,N.\V.P. 

5  10 

53  45 

—  S.  VV.  extremity 

1   60 

73  87 

• 

^~  a.  K.  P.    •             «             . 

6  20 

54  30 

Br 

—  Southernmost  Iiland 

1   49 

73  33 

is 

MaheBank,   N.  W.  P. 

3  20 

54  40 

^' 

—  Island 

1   51 

r^  ys 

S 

■~^  O.  ttt  P.              .           * 

5  :50 

>6  59 

.2- 

—  N.  W.  Island  . 

2     7 

73  33 

^ 

—  ScychelleorMahe  I.   4  a.-) 

55  35 

"t 

-N.E.  Island     . 

2     9 

rS  46 

1 
^ 

—  Praslin  I.                   .4  19 

55  47 

• 

Collomandous  .\toII 

^ 

French  Shoal                . ;  3  .58 

54  42 

? 

—  South  Island    . 

2   13 

73  21 

.African  Islands             .'  4  56 

54     9 

?  1—  Long  Island     . 

2  21 

173    S 

Alphonsal.           .        >|  7    '1 

52  49 

§  ' —  N.  VV.  extremity      .' 

2  30 

73    S 

Sandy  Island  or  Bank  .;  7  lb 

52  49 

^ 

—  West  entrance    of 

1 

Isle  Bourbon  St.  Ocnitf.^O  32 

55  29 

Coll  Channel 

2   10 

73  21 

Mauritius  or  I.  of  France 

.Molucque  Atoll     . 

2   58 

(73  45 

—  Fort  I.ouU       .         .  .20  10 

57  30 

NillmandouB  AtoU 

»  12 

73  IS 

Diego  Kais  or  Rodrique  19  40 

63  24 

Poulisdous  Atoll  . 

3  36 

73  44 

'stBranden  or  Cargados 

An  Atoll,  W.  P.    . 

4  17 

73    2 

Gnr^jos 

.^falo  Atoll  or  Maldivia, 

—  N.  part  of  the  Bank 

13  41 

61  15 

?:«.  E.  P. 

4  13 

73  41 

—  Low  ^andy  Island 

16    5 

59  47 

Gaftr  Island 

4  46 

w  mm       m^ 

73  40 

—  Wet  with  huts 

lb  27 

59  40 

1  odu  Island 

4  49 

73  H 

—  South  Islet 

16  47 

59  34 

Cordivia  Island    . 

5  00 

78  36  1 

Nasareth  Bank,S.W.P. 

16  47 

59  31 

Maloas  Madoll     . 

5  00 
5  13 

73  It  1 

—  N.  E.  P. 

13  41 

61   15 

^ 

Padipolo  Atoll.  S.  P. 

73  32 

TABLE  XLVI.    Latitudes  Hnd  Longitudet. 


n r^^^ 

Lung. 

U.    ,   i-ons. 

!  D.  M. 

D.   S. 

D.    M. 

U.  »i. 

'.Mills  Uoiic  Malou      .[  6    .iN 

73  13L.  , 

'riioitrvL    . 

3S8N 

M  13  E. 

iTiUiiI)uiiMiitii.urlie3.1| 

l~  S.  I".        .          . 

H  « 

93  17 

[    ^lrt!l^■Hand^aoi^U- 

., 

9  12 

93  21 

en.  Iim.1  .        .        .76 

JKRlcboll,  W.  rnd 

7  51 

93  29 

1                1 

.NoncoBryL  i.  h«rt»Dur  6  00 

93  41 

[MiLicoyor  Mnlicoj     .,  3  17 

73  IS       \ 

ICaraorla,  N.  P. 

8  15 

93  43 

-riH:msi;hoi.BM»-N.  P 

S  33 

93  46 

'■cui.M  Idilanil',  ^c'Llb-' 

n^ 

:-  s.  p.    .     . 

a  22 

K  46 

j     rrr.            .          .          .  10  W 

jMcror  L      . 

7  29 

43  46 

I^.NailliEm         .          .10     6 

72  39 

iLililc  Nicohar,  N.  P. 

7  2'"> 

93  53 

—  So-iHirm  eitn:re    , 

>—  S.  P 

93  46 

9           Hfer     .                    .    •>  SI 

r-i-u 

'iri-al  Nicolor,  N.  P. 

7    8 

93  55 

1  ^r,!. '"■""■"'■■  IS  .3 

g  Coiinil.n  tslin.l              .  LU  J4 

i  rmit  .■j..j  Ujnk        .  HI  -IS 

M.B.le.-<,c  I.           .          .I'MS 
i   luruitii  I.    .                   ..IC  51 
a  8.iiff.,fij  1.     .                   .  10  55 

7:(  56 

73  5b 

71  00 

72  51 

74  00 
7i  31 
7i  36 

—  S.P.. 

6  45 

94  00 

XLH.  Tluhl.mdi^fS 
tinnlin,  Uatpar.  Bo 
ct„l  h:mdi  md  Stm 

T,.nl™,  Jaw,  Kil- 

t. 

Lat. 
D.    M. 

rt. 

Si   il»5irol.    .                   .10  53 
■:  \mnil.       .         .         .jll     6 

7i  38 

Arbccn       . 

5  34N. 

95  86E. 

73     8 

Golilen  Mountain 

J  37 

93  49 

i-irmulpar  I.                 .'11    9 

72  28 

Pedir  Point 

i  «9 

96  10 

rtrJainum  I.  (mul.)     .|ll  14 

73  11 

Elcphut  Mouolain 

i    3 

96  50 

Elu3[«niB»nk(micl.);ll    15 

74  80 

r«.l«,^jn.i.oi  Point 

5  13 

97  82 

Kittanl.       .          .          .!|1  39 

73  ^4 

DiamoDd  Point  . 

5  18 

97  48 

Bplra|,.r  1.                     .Ill   35 

78  3-1 

r»nJong  Bou      . 

1     5S. 

1U4  30 

CbJtUel.     .                    .11  42 

73     4 

B,t>cannBfolnl 

2  00 

104  53 

Chertaainno  Bank  (not 

Fourth  Point 

3  20 

eipiurcd) 

li  20 

72  15 

Third  Point 

2  33 

105  38 

Second  Point      . 

i  41 

105  41 

Angrai  Bink,  N.  P.     . 

16  38 

72     S 

Pim  Point 

3  00 

105  50 

-  8.  P.       . 

16  18 

7i     S 

Hoe  Point 

5  54 

105  53 

Balf  of  CoHon    Rock 

t'bl  Point 

b  00 

104  4U 

(doubtful) 

5  IS 

S6  20 

Billimbing  Bar    . 

5  54 

l.e  Memc'!.I(ccf{d<iobL) 

1   JO 

94  iO 

B«neMnal 

5  3.1 

104  25 

.  Prepwi.  Iilind,  ft.  P. 

14  56 

93  40 

Cftwoor      . 

1  56 

103  25 

■    —  S,   P.       , 

H  49 

93  40 

MMina  Print 

4  33 

103  53 

1  lireMCocol.  N.  P. 

H     8 

93  26 

Bulblo  Point        . 

3  ai 

lua  :» 

=  -  S.  P.        .          .         . 

14     3 

9a  26 

BENCOOI.EN    (Fort 

g  l-ittlc  Coco  I.       , 

13  58 

93  2" 

348 

102  88 

1  l.»-idf.ll  1.  .          .          . 

13  33 

93    a 

Cajtone     ■ 

3  29 

103  14 

S  (irril  Andaman    . 

Moeo-Moco        . 

i  34 

101  26 

H  -  Cap^i  Price.   N.  end 

13  ii 

93     9 

i    5 

100  55 

—  S.  K.  point      . 

U   30 

92  56 

Padane  Head 

a  56 

99  5^ 

—  Porl  Coriiwalli,        . 

13  Id 

9-1  M 

IS  39 

Primman    . 

J  40 

99  53 

—  Port  fhftthmm 

11  41 

Natal 

a  30N 

9d4U 

—  Porl  Ctmptwll 

11   bb 

1  40 

98  40 

Rudojid.  J.  s:  P.  .     . 

11   !4 

92  47 

Shikel  Hirer 

2  00 

97  57 

InlenicwI.  N.  P. 

13     1 

92  46 

i  13 

97  Si 

-S.F. 

II   IT 

92  41 

i  46 

97  44 

North  CeDlinel     . 

11   33 

9d  24 

Point  I.Al>on 

i     S 

97  88 

South  or  l.iUlcCentinel 

11  00 

92  27 

Point  Tainpot  Tuon 

3  15 

97  16 

■Firt  liland.,  S.  P. 

9S55 

South  Tally  Po» 

I  22 

97  11 

SuIen,>autlKni 

92  58 

Muckie      : 

3  23 

97    4 

Brothcn.nonlKni 

11  00 

92  55 

UboanHuije     . 

J  32 

96  59 

Little  Andunin.  N.  P. 

10  53 

9*  38 

Miwin 

Noffi  Tally  Pow 

5  3'. 

90  55 

—  S.  E.  P.  . 

10  -26 

93  40 

3  ad 

96  56 

r«,gw-Tangar 

1  38 

%  96 

InvuihlcBinb.  N.  P. 

11  27 

93  41 

Soo«> 

3  42 

96  50 

^  -  S.  P.       .        .        . 

10  56 

93  40 

Etnalth  Bittoo     . 

3  43 

SA  43 

2  —  nil  Rock 
i  Kitna  lilind 

11     S 

93  40 

Cape  Felii  , 

3  43 

96  37 

IS  16 

93  54 

Inlibboo 

4    9 

96    6 

~    NutWDduB 

1  Cu  Nicotiar 

Km,  If*.     . 

13  !4 

94  12 

Pnlo  Rondo 

b    4 

95  14 

9  10 

9i  56 

PbU)  Way 

5  49 

95  23 

9  46 

93    1 

^m^     . 

l^  *a  V  **  ^ 

i 

TABm  XLVI.    l<atitudei  and  Longitudes. 


LaL 

rt. 

Lnt.       i^of.  1 

D.    M. 

1).    M 

U.  H. 

Pulo  Rajah 

i  40N 

T.ggal  Rock        . 

6  46S 

N.  Cocm  l.lind>  Ijing 

Sainarang  flagstaff 

110  Wl 

N.  W.  of  (h':   NoKb 

-  anchorage       . 

6  53 

110  24 

point  of  Hog  UkDd 

3     2 

95  SSE 

Munilaliquc  liland 

fi  as 

110  54 

lloz  Ulnnd,  N.  P. 

3   58 

96    4 

Urang  Point 

f,  35 

111  27 

-S.P.      . 

a  aa 

96  3! 

6  42 

111  19 

Coral  Bunk 

3  31 

%42 

Point   PankRorPunco 

6  53 

112  31 

Bur^  KiH-k 

2  47 

97  86 

Souraltajc 

7  15 

112  48 

3hwl,  10r«t       .           .i4S 

97  33 

Cape  RanUuia     . 

7  49 

114  » 

CuHottagh  Shoal         .3     5 

97    6 

.Vorih  Pulo  l>iia            .12  S3 

97  39 

9  S3 

114  15 

PwiageUland     .         Ji  21 

—  Ea^t  point 

8  4b~ 

114  11 

aii4  i>iuid 

1    56 

rurtle  Baj 

7  43 

1<»4S 

LBColl3l.1ani1     . 

1    50 

i  Tulan  orDiKkVrlE'sBa 

7  50 

108  11 

I^iuliso  Shoal  (N.N, E. 

1  Wine  Cooper',  point 

7  28 

106  36 

4  E.    rrom   I^cDtti, 

>lii(.  ii  [capic) 

1  67 

Nsos.  Baron  1.   . 

8  39 

11)33 

^u^CrriJuM           .139 

9H  SO 

Tangala  Islundf,  lai^ce 

S  36 

112  « 

•i 

Pulo  Dun   .                       12* 

97  5a 

Cloppe'i  Uland,  about 

7     4 

105  ffl 

§ 

Pnlo  Nya.*,  S.  P,          .;(]  33 

97  SI 

1 

Pulo  Tnuiong               .  i)  ^iJ 

9'J  10 

Slc«  Uland 

6  43     (105  15 

e 

Pulu  Panjanf       .          .,0  13 

98  ;to 

Hf  ftk  an  Prince's  Island 

6  35     |ll)5  15 

& 

Cl>|ipc-.  Wanil,  mi.Mlf  0     !!^- 

97  31) 

Peak  onCroeat™  island 

6    e      105  3i 

e 

PnloMinlaon.orHaWoe  fi-i 

•i.-i     7 

[■cnk  on  Tamarind    UL 

Pub  Aypr  Beaar           .1  9-1 

lOiJ  17 

orPuloBcEsy 

i  56 

OSBB 

-Se-beero  or  li.  Forlunel 

Pulo  Stbooko      . 

5  53 

05  16 

1 

I.  N.  P.                       ,1)  56 

9S  33 

rap 

S  59 

05  67 

-  S.  W.  P.                    .1    17 

99    i 

Bunon 

5  51 

05  S7 

Se-pora  or  South  Poc«, 

ThM-an-llie-way  . 

5  55 

05  51 

N.  W.  P.                     .  2  00 

99  33 

Zutpbcn   bland)  (laig 

—  S.  P.      .          .          .li-iB 

99  58 

=       est)    N.  P.        . 

5  50 

OS  47 

Norlh  Poggy  '»!■  f*-  P'  ■*  33 

KH)     5 

=  Soulh  IVaUher 

5  41 

06  43 

-S.P.      . 

3.VJ 

lUO  13 

fi  54 

06  30 

South  Posa  I.!.  N.  P. 

3  50 

IIKI   15 

E,Pi.loBabj 

5  48 

U«  14 

-6.  P      . 

1  dO 

■  DO  34 

j:  -niouaanil  lilands,  N. 

5  22 

106  Id 

lAncrorLar'  Ixtarida 

3  30 

101   11 

"  Pruyacn'aDroogte  ihoa 

5  17 

106  47 

n,.  l.h.id 

J  51 

la-i  S3 

Annuyden  Bank 

5  13 

10*43 

rrintBOr  RccRtlKlaiid 

4     3 

lui  aa 

North  IVatfher  . 

5  IS 

106  Jl 

Pulo  Pi.B115 

S     8 

104     6 

Three  ^islcn 

5  44 

105  43 

l.irdc  Koriunc  I>hnJ 

104  38 

North  Uland        . 

5  41 

105  49 

( 

RnEBnoorDectin.N.P. 

lOa  85 

,.  r«o  Brother.,  northera 

5    9 

106    i 

—  K.  iJDint 

loa  4u 

"  Lynn  Shoal 

5  IS 

106]] 

—  S.  v..  point     . 

1  SO 

103  38 

5    9 

105  56 

—  S.  point 

a  31 

102  !9 

102  19 

'  Brouncr-s  ^thoal 

5     5 

106  14 

—  IV.iiniiit                :-j  ai 

'UceperaSenlSt-Banea 

3  12 

106  ID 

1 

?(Bnka,I»land.    . 

2  25 

10S« 

Java  IWd                   .'6  48 

103  11 

l-ir=l  Point                   .'6  14 

103  12 

Bancs  Iiland 

Seron.!  Point 

6  36 

IHi  21 

—  Soulh  Point   . 

3     6 

106  « 

Third  Point 

6  87 

105  -to 

-Tanjong  Panjong  or 

Anger          .          .          . 

R     3 

105  54 

Point  l-alary 

a  49 

106    4 

Bantam  orSt.NkhoImP 

3  S3 

106     8 

~  Monopin  Hill 

a  00 

105  14 

Bitnlam       . 

6    S 

106  10 

Tanjonj  Goonling      - 

I  43 

105  tt 

BATAVUObseriatorv 

6    9 

10>)  52 

CaniwaiK  Point 

6     1 

107  W 

N.  ofBanca 

1  28 

105  51 

iedtfjl'olnt 

.i  .^9- 

107  S7 

—  Tanjong  Tuan 

—  SongyLcatBay       . 

1   3S 

106    6 

Point  Tdmanoekan 

6   11 

107  49 

1   50 

106    9 

WVnlOtl  Castle  Kock 

6    2 

107  ;,2 

-  Tanjonj  Ryab 

106  14 

PriiieeMChailolte  bhoa 

5  63 

107  .14 

.  —  GoonoiiE  Marui 

i 

indrimnytToint 

6  11 

108  au 

:         Mount 

1  5.1 

105  52 

PulolUckll 

a  66 

108  aa 

■  ~  Tanjong  Breket 

a  36 

100  5j 

Bumkin'iIslmDdor  out- 

S -  HmLj-  Point  . 

a  A6 

t06  S4 

er  Shoal 

i  47 

108  23 

—  Entrance  Point,  or 

Cheiibon  Mountain     . 

108  36 

e.  E.  P.      .        . 

3    2 

106  51 

I-araal        .                  .16  60 

101  11 

'               1 

TABLE  XLVI.    Latitudes  and  LongitudM. 


LlL 

Long. 

I.at. 

Lons. 

D.    M. 

D.   M. 

D.    M. 

D.   M 

Aatl  or  Fuctic 

BiDtangl   N.  W.  P.      . 

1    ION 

104  19e 

3  STS. 

107    3E. 

Johorc  Shoal 

1    18 

104    4 

rfi  ShoBla      j 

3  II 

107    8 

Shaal  cnl.  Rhio  Straila 

1     8 

101  11 

3     5 

107    8 

1  33 

104  00 

It  or  Middle  1. 

107     5 

Pulo  Baltain,  N.  E.P. 

1U4    4 

Sboal 

3  46 

107    8 

SI.  John'il.  S.  P. 

1    14 

103  51 

rtUi  libnd      . 

3  gU 

107  13 

KockT  Reefs 

1     9 

103  5S 

iluid       . 

300 

107  IS 

Middle  liland      . 

1   13 

103  46 

iluid       ■ 

107  15 

Coney  Islntid 

1     9 

103  41 

Hewitl's  Rock 

107  14 

BulTalo  Koek       . 

1     9 

103  48 

r^Rock.         . 

i  54 

106  56 

Korks 

lO]  4S 

.M.or(ia^rl 

a  as 

107     6 

Red  Uland 

1     G 

10S38 

lud 

3M 

107  00 

Tree  Island 

1     8 

103  36 

Huting-i  Shoal 

a  83 

106  57 

Alligator  liland  . 

1   10 

103  40 

«'*  Sboal 

a  IS 

107  00 

Rort.        .         .         . 

1   13 

103  36 

rfs  ShOKl 

a  11 

106  46 

Utile  Csrimon   . 

I     8 

103  34 

OURb  8ho>l       . 

a  3 

loeaa 

GreBtCBrimon,N.P.   . 

103  81 

-D'sSfaOll 

I  56 

107     1 

The  Brotben      . 

103  31 

,  Shoal    ,         . 

1  40 

106  85 

Pulo  Cocob 

1  I9S. 

103  35 

l>l>nd,S.  E.P 

3  3! 

108  15 

Pulo  Pi«ng 

1  38 

103  16 

,  Point    . 

3  IS 

107  3A 

iVater  Island),  or  Four 

3  33 

107  53 

Brothers,  S.  P. 

a  4 

108  20 

ilindofrBilliUD 

S  35 

risher's  Island      . 

9  13 

108  13 

land   (formcrij 

Bamberk  Sboal   . 

2  37 

101  41 

.*Dd  White  R.) 

3  47 

108     8 

Pulo  Callam  or  Ckitong 

ttl 

3  33 

110     4 

S.  P.       .          .        * 

3  56 

101   16 

ine^       . 

110  11 

r<ro  and   half  rathomt 

Of  Shod,  S.  P. 

3  as 

no  11 

Bank      , 

a  54 

101     4 

ry'iWuLBank 

3  39 

Its  43 

Hound  Arroa 

a  49 

100  49 

Eio  Bank 

3  33 

109  10 

Blonbeim's  Shoal 

3    3 

101     2 

3  3b 

Long  or  Crcal  Arroa    . 

8  53 

100  44 

iNlirth  Shoal  . 

3  19 

lUS  40 

Two    Brothcn,    Pulo 

Iter*!  Sand  Bank 

3  IT 

1U9     S 

Pan dan            . 

324 

99  54 

J    . 

S  54 

lue  58 

-  PuloSalaDama        . 

3  81 

99  58 

>n  Isludi  louth 

S  35 

Pulo  Varela 

3  47 

99  36 

3  31 

108  53 

PuSo  Jarra 

4  00 

100  14 

loekcmou  [higb 

Sambilang  I.  Soulheni 

4    3 

100  35 

1.) 

8  31 

108  36 

Dinding  1.  W.  P. 

4  16 

100  33 

lock.      . 

3  14 

109  51 

Prinee  or  Wales' 1.  Fort 

'1  Shoal  . 

8     1 

108  39 

Comwalli.      . 

5  34 

100  ai 

lOlU  1.      . 

844 

110     3 

Pulo  Pera 

542 

99     1 

ou,  W.  P. 

1  42 

108  41 

5  45 

100  18 

A  1.  Pea 

1   36 

108  il 

Pulo  Bonlon  (Dome) 

6  33 

99  30 

p>n 

1  83 

109  is 
109  14 

Pulo  LaJds,  S.  P. 

6     8 

99  43 

namhangan      . 

1    18 

TrolW  1.  N.  P.    . 

6  49 

99  39 

1  tttfl.  Itln 

0  SS 

109  18 

SangaldorGunderRock 

7  10 

98  50 

Shoal      . 

0  SS 

108  39 

Pulo  Telibon 

7  14 

99  29 

Tie  Brolhew 

7  31 

98  80 

enUandi,N.W 

1     6 

105  84 

Pulo  Rijah  or  P.  TajB 

736 

98  30 

nia  or  Banllah 

0  54 

104  30 
104  53 
103  61 

7  4b 

98  30 

lantigai  . 

0  35 

XLUL  Jdandi  aad  Sho 

aU  m  Ihi  CHLVA 

rSh^    .         . 

0  36 

105    8 

SEjI 

1 

Taigong  Eug, 

l.al 

rt: 

eiL 

0  30 

106    4 

D.    M. 

■rnino  Iiknd     . 

0  10 

105     4 

St  BatU  bland 

0     7N. 

107  15F. 

1  Bant,  MuneaB 

Direition  Island 

0  15 

lOB     5 

er  Bank  ■ 

0  48N 

104  58 

iPuloDatoo 

0     7 

108  36 

0  57 

104  30 
104  56 

.  WelalMd'a  Rock 

0  38 

107  55 

Uand  off  Pulo 

3t.Eipri'l«l"^.E.   . 

034 

107  13 

LDg 

0  M 

Green  laUnd       . 
St.  Julian  Island 

0  43 

107  30 

0  48 

104  51 
103  44 

054 

06  48 

IraOen,  ^th 

0  31 

TambelaD  islands,  Eaat 

1  30 

1U4  86 

or  Great  1. 

too 

107  35 

off  P.  R4^aine 

1  S3 

104  SO 

Oi|iRock 

112 

tOT  35 

;l.(th.hill)     . 

1     3 

104  30 

Eufopc  Shoal      . 

I  w    \m  «.  \ 

180 


TABLE  XL VI.    Latitudes  and  Longitude.^. 


'•  "■  \ : 


8 


^ 


. 


flocky  Island 
(/umer.H  Hump    . 
Saildle  Island 
French  White  Rock 
victory  Island     . 
\ca9tee  Rock 
iVhite  Rock 
Macedonian  Reef 
South  Anambafl 

mit!) 
Pulo  Domar 
Middle  or  G.  Anambas, 

^V.  limit 
'orth  An.tmba9  . 
Pulo  Tingy 

ICx.  isia  offP.  Tingy  . 
Pu'.o  AOIl  or  Wawoor 
i'ulo  Pisang  or  Pambec- 

lan 
Pulo  rimoan,  S.  P. 

—  N.  P.    . 

—  Bay  on  S.  \V.  side 

—  N.Ulct  off  N.W. side 
Pulo  \'arelB 

Pulo  Brala  or  Capas  de 

Tcrre 

Pulo  Capas  dc  Terre  . 
SL  Pierre  Islands 

—  Ledge  of  Rocks 
Larkin's  Reef 

^outh  llavcock  Island . 
South  Nntuna's  Islands 

—  South  Island  or  Sa- 
pata 

—  East  Island 

—  West  Island 

—  North  or  Flat  Island 
Low  Inland 
Huttou*s  Shoal    . 
Diana  Shoal 

North  tluycock  Island 
Grand  or  Great  Natu-  < 
na  1.  limits  .         .  ( 
— Peaked  Island 
Pyramidal  Rocks 

—  N.  iV.  Island 

—  Coral  Reef     . 

—  Coral  Reef    . 
North  Natuna  Is.  S.  P. 

—  N.  P.    . 

■—  Rock  above  Water  . 

—  Saddle  Island 

—  Success  Shoal 
Pulo  Oby    . 

The  Brothers  (eastern) 
Pulo  CON  OGRE 
Charlotte's  Bank 
Pheeton  Bank 
Royal  Bishop's  Bank    . 
Britto's  Bank,  N.  E.  P. 
Hollond'sBank,S.W.P. 

—  N.  E.  P. 
Pulo  SAPATA 
Pyramid  Rock  or  Little 

Catwick 


Lat. 
D.    M. 

1 
1 
1 


9N, 
10 
16 


1  32 


1 
1 
2 
2 
2 
2 


34 
39 
18 
25 
18 
40 


2  45 

3  9 
3  27 
2  17 
2  8 
2  29 


2 
2 
2 
2 
2 
3 

4 
5 
1 
1 
2 
2 


37 
44 
54 
48 
56 
16 

47 
15 
56 
53 
11 
13 


28 
42 
42 
3 
00 
2 
9 
20 
40 
13 
54 
5 
7 
1 
57 
42 
49 
39 
33 
25 
25 
35 
40 
5 
00 
44 
10  32 
10  36 
10  48 
10    1 

10  2 


2 
2 
2 
3 
3 
3 
3 
3 
3 
4 
3 
4 
4 
4 
3 
4 
4 
4 
4 
4 
8 
8 
8 
7 
7 
9 


Long. 
D.  M. 
07  14E. 

06  55 

07  4 
06  32 
06  22 
06  21 
05  35 

05  32 

06  8 
06  30 
05  27 

V.S  41 
«»6  15 


04 
04 


8 
11 


04  35 

04  21 
04  15 
04  15 


03  47 

03  37 
03  8 
08  53 

08  52 

09  16 
08  57 


09  8 
09  26 
08  40 
08  54 
07  49 
07  67 
07  44 

07  36 

08  26 
08  6 
08  10 
07  24 
07  52 
07  50 
07  47 
07  58 
(»8  2 
07  57 
07  46 
07  57 
04  54 
06  18 

06  42 

07  39 

07  29 

08  21 

07  56 

08  32 

08  47 

09  2 

109  00 


Round  Island  or  Great 

Catwick 
Pulo  Ceicer  de  Mcr 
Minerra's  Bank 


10     6N.tl06  «L 
LO  32     |108  53 
lO  37      110  19 


S 
S 

i 


Investigator's  Coral 

Patch  .|14 

Triton's  I.  or  Baak  S. 

W.  part  .|l3 

Pa^soo  Keah  (Sandy  L)tl6 
Bombay   Merchant's 

Shoal,  E.  P.     . 
■~^S«  « •        •  • 

Discovery  Shoal,  W.  P. 

—  E.  P.     . 

Jcfaangire's  Coral  Bank  i6 
Vulador's  Shoal,  £.  P. 

—  W.  P.   .  . 
Crescent  Chain   .  •[ 

—  Money's  Island        .  16  3S 

—  Robert's  Island        .  16  31 

—  Pattle's  Island         .  16  33 
Drummonds's  Island;  1 6  29 

—  Governor    Duncan**, 
Island  .Il6  27 

—  Antelope's  shoal  .|l6  27 
Observation  Bank  N.  ¥.  16  37 
Pyramid  Rock  .  lb  35 
Lincoln  Island  .  .  16  41 
Rocky  Island  .  16  52 
Woody  Island  .  16  50 
Amphitritelslands,VV.P.  16  59 

—  E.  P.     .  .  16  64 
North  Shoal,  W.  P.       .17     5 

—  E.  P.     .         .  .  17    6 

Macclesfield  Bank,  li- 5  15  17 

mits                          (  16  21 

Scarborough  or  Mar-  ^15  4 

singula  Shoal,! imits  (  15  13 

St.  Ei|>rit  Shoal  (by  Lt. 

Ross)     .                   .  19  30 

—  (by  Asseveido)         .19  6 
Pratas  or  Prater's  Shoal 

N.  E.  P.         .  .20  47 

—  N.  VV.P.  .  20  45 

—  Anchorage  .  20  43 

—  Island  .  .  !20  43 
Great  Ladrone  .  •  21  57 
[The  Islands  near  Can- 
ton are  given  in  No. 
XL.and  inNo-XLVi.] 

Pedro  Branco  .  22  19 

Lamock  Islands,  outer- 
most .  23  14 

Andrade  Rock   (very 

doubt  All) 
Luconios  Shoals 

—  Hard  Rocks  . 

—  Tnro  Fathom  Shoal 

—  Dry  Sand 
Sea  Horse  Reef  _  

—  Hair  Moon  Breakcnl  8  46 

—  Bank    .  .||0  57 


112  3i 

111  11 
HI  45 


111  4 

lis  3D 
tISfl 
119  30 

112  29 

116  30 

117  68 


TABLE  XXVI.    Latitudes  and  Li>Re<tu<lei- 


,     L«.. 

LaL 

^. 

D.    M. 

D.    M. 

0.    M. 

Pinquu,  5  orb  leaeue> 

Breaker.'    . 

11   ION 

113  54E. 

fhun  Puliwan  .         . 

9  ION 

117  ME. 

Filmootb'a    (or  Eaaei) 

Eupbniu*  Sbod  . 

3  38 

113  S4 

lawlalaud'} 

10  68 

113  40 

Kirtan'a  Shoali    . 

5  39 

113  15 

—  Banker  Goasiril's  B 

114  13 

1—  ditlo 

5  49 

in  a     J 

EiMi  (or  Falmouth) 

LouUs's  Breaben 

6  30 

113  IS       I- 

1o»  laland* 

11     3 

112  40 

6  39 

116    7      I 

Bouard'aKceriorMld 

'Barton'*  Shoalj    . 

rt  55 

116    A      i 

dicbucz  R.)  . 

8  58 

Ml     5 

iRoTalChariolle-a  Racks 

6  57 

113  33     : 

114  29 

-  Small  Island    . 

10  42 

113  96 

-'Smd,     .        . 

10  47 

Cornx'allis  Breakera 

,0  00 

114  96 

!Swdff>»  or   Innstiza-i 

—  ditio 

8« 

114  14 

tort  Rocka 

7  23 

113  44 

Sabut  Jung  loiT  laland 

11  3^ 

11189 

Viper-.  Bwik 

7  30 

US     7 

-Bank      .        . 

11  34 

113  St 

—  Bmken 

S  00 

IIS  25       ,_ 

GuparSboal.      . 

11  56 

113  SI 

.Vrduier'a    luw  eon 

South  Sea  Ca.lle'.S«,. 

Bit.  and  gap.   .        . 

dj  lalatid.   and  dtn 

-  W.  P.  (Wld^ole, 

(ten,  liinlU(bj  Lieut. 

Comwallu  uid  A.) 

7  56 

113  13 

ROH)           .'  . 

11  29 

114  14 

-  N.  E.  P.    (Walpole 

-do. 

11  81 

|14  16 

MdA.)            .           . 

T  S4 

114  24 

rwol.landa 

11  37 

114  92 

-  E.  P.  (Ardaaier) 

T  40 

114  47 

An  Uland  (Imealigalor 

11    s 

114  IS 

An  labud         ditto 

10  44 

114  36 

and  A.)         . 

7  30 

114  34 

A  Reef 

10  IS 

US  40 

Gloncarter  Shod 

7  47 

114  50 
11!  57 

Diacorerj'a  Beef    .    j 

10  00 
10    8 

113  50 

PmecorWaleaBaokt 

9     3 

110  34 

YorkBpfaker.      . 

9  50 

117  48 

liouta          .         .  i 

8  13 

110  M 

Petm.jliunia  Breaker* 

S  17 

Il4  43 

I-ondoti  Breaken 

93t, 

IIS  36 

-  ditto 

8  48 

ll-i  17 

-Reer.weatem   . 

a  55 

113  t-O 

-  ditto  (Viper's) 

8  58 

US  SI 

—  do.  eaalErn 

849 

118  24 

-dillo    r  . 

9     4 

lis  IT 

-  Breaktn 

7  33 

-dillo        . 

10  vo 

115  90 

-  ditto          .           . 

7  aa 

in   8 

—  dilfo  (Fannj) 

9  45 

114  49 

Oanga  Breikera  . 

9  S8 

[ll  12 

-dillo       .    ". 

9  32 

116  34 

-dilw        .         .         . 

10  30 

M5  10 

-  dillo 

9  47 

lib  58 

(DTBsifaatort3ho»lW.P 

8     5 

114  35 

-ditto 

9  52 

116  48 

8  10 

114  51 

-ditto 

10  33 

116  49 

-shoaj  .    ;    ; 

-Shoal       .         .         . 

9  IS 
10  44 

Ilrt32 
114  31 

—  Hiito       . 

10  49 

117  10 

XLIV.    hL»^  M^d  Sh^  idy 

-  Coral  Rocka    .        < 

9  40 

113    4 

ria  auif  .Wto  Gidnti,  South  e 

f  iht  c*. 

ditto                 i 

9  4J 

113  IS 

tihfi. 

DinJIo  Mnrino-s  ShonI 

fS  51 

HI  13 

Lat. 

rt. 

ri  -  dillo       .        .        . 

»  31 

114  31 

S  -  Black  Rockii    . 

o  -  Bank      . 

E  -  While  Sand    . 

=  -Low  Black  Island    . 

9  39 

114  58 

115  7 
115  13 
115  IT       a 

112  34       " 

113  it       j 

112  17 

112  12 

Carimon  Java 

i  'sbs. 

Ui>  34£. 

10  la 

10  43 

Lubeck  or  Babianl.land 
Arrogsnfs  Shoal 
Mddura  1.  N.  W.  P. 

5  49 

5  13 

6  53 

112  4d 
U3  0a 
Its  45 

S-  Pr-ndabip-a  Shoal       j 
S  Hafdwick's  lUer-     {o( 
\           Dolphiil's) 
•i  -  Breaker's*  (dUlo)    . 

600 
954 

-  >-.  F..  P. 
Pondj  Lland 

Great  Solombo  1.  (  Hil 

onS.  E.P.) 
Little  Solombo  I. 
Arenie.  l«land     . 
LilUePutoUut  (mid.) 
Four    Brother.,  .unken 

iduid.      . 
tTk  Island  .         ,         . 

-8.  P.        .         .         . 

-  S.  E.  1.  or  Haating^ 
laland      .        -        . 

Kalkooo  liland^  Dottb- 

ero,  about 
Four  .mall  {.land,  mi 

b  53 
T     I 

5  33 

113  as 

114  4 

114  38 
114  38 

ri  Rojal  CaplBin'a  Shoal 
Bombnj'a  Shoal    . 
Dolphin'a   Beer-   (or 
Hardwicke'a)        . 

-  Brcaken* 

-  Break™*  (ditto)     . 
-Great  Reef. N.  P.* 

-  Long  Inland-  .        . 

9  87 

9  59 
9  4-'^ 
10    9 
10    7 
10  17 

llO  43 
116  55 

112  IT 
112  30 

112  15 

113  9 
112  35 

5  10 

7  00 
7  13 

6  53 

114  36 

115  53 

114  50 

115  13 

115  17 
115  35 

—  Breaker** 

loss 

113  31 

-Fir.ll.land*   . 
-T^dge*   .        .        . 
-  Breaker.'        .         . 

10  35 
ID  40 
10  46 

113  3S 
113  47 
112  47 

6  5b 
6  10 

115  24 

15  35 

Ih  50 

^ough 

VrobabiT  to  he  inefaard. 

TABLE  XLVI.    Latitudes  and  Lon^jtudea. 


,  Ut. 

Lone. 

1      Lax.     1  LoD*.  1 

l>.  M, 

D.   M. 

D.    M.  1  D.   U. 

Chut  Palernoitcr't  If. 

^ 

Ball;  IiUd. 

«.  P.  . 

7  I5S. 

117  OOE 

^ 

-Table  PoinlorH.  P. 

8  50S.'ll6    U 

-  S.  W.  I. 

7  32 

117   Id 

■^ 

S  84     ,115  34 

l-fwolow'iilinJs      . 

7  34 

117  30 

-N-E-p".     ;    ; 

8  19 

115  43 

7  an 

1 

BqIIj-  Strait.,  B.  cnl. 

S  60 

114  41] 

S  -  E.  P.       . 

b  Pa3tiin»n'i  Ijlandi,  N. 

6  43 

IIH  40 

A  ihoaliicirlhcanchor- 

1 

nge  at    BttlBtnbuang, 

?      W.  P.        .                     (.38 

IIS  49 

bears  5.  W.i  W  tmm 

-  F-islem  Inland         -Ifi  4J 

119  1.1 

ihf  flagstaff,  dislftut  3 

—  dilto,  S.  P.      .        X  56 

U'J     S 

mile  from  abore 

Noera  Sera  lBlanil>       ..^    2 

117     9 

Mynder-s  Kocb  . 

7  41 

114  S3 

NoeMCombtt,  about 

5  15 

117     9 

Baiidllti  laland      . 

B  46 

S.B»nkDffNoesaConih« 

5  16 

117  00 

Lombock  1.  S.  P.  Bboul 

B  fiO 

|]6  GO 

CBloeohiJorRotlenlam 

5  15 

117  36 

—  Pe.k,  near  N.  E.  P 

8  81 

U^Sfi 

Hen  &    Chickens,  S.  P 

117  54 

—  Nonb  Point 

8  11 

Zslinaffor   Siifladairo 

Lombock  1. 

Laer'.  1. 

5  3t 

118  Si 

—  l>le>  ntttr   N.  W.  P 

9  13 

116  59 

-Coral  Bank  off  djllo 

—  Ampannun  Ri».  ent. 

8  33 

a.  P.   . 

5  54 

—  LohoaKen  or  Bally 

-  ditto,  E.  P.      . 

IIS  26 

Town 

8  48 

116  33 

-  ditto.  IV.  P.     . 

117  53 

Sclonda  I«1and     . 

8    S 

117  44 

-  Five  Falborni  Bant 

5  53 

118  20 

PuloMnjoorMayoN-F 

8  r 

IIT  31 

Tonjfnlriai.ds.S.  W.  1 

S3I 

118  36 

Hal  Island  . 

-  E.  I.       .        . 

5  31 

lis  46 

8«HJh«)-'.  4  Sboal.,     ( 

7  43     I'l jf  13 

Shoal 

nq    5 

limiu                   .        } 

7S6     |1J3     3 

Tanakeka  or  Tunikik  1 

119  24 

Sumbava  1.  S.  W.  P. 

9    2    [u6  m 

Brill  Shoal,  N.  P. 

600 

119    a 

-  Timor  Tung  I.  (off 
N.  W.P.)    ^    . 

-  SnmbBTa  Bav 

I 

-  S.  P.        , 

Man.fi«ld  ShoBl   . 

S-,5 

119  00 

120  (3 

SSI     1116  67 
8  87     !llT  it 

Middle  l>land        , 

5  411 

130  28 

—  Tumboni  Mountain 

9    9    ;ll7  43 

Salajerl.  N.  P.             . ..  4** 

laO  33 

—  Biema  Bay,    rugged 

1 

Cambjna  I.  S.  P.         Ji  30 

8  It      Hit  51 

-Peak       .        .        .'3  21 
Soutb  liland                Jo  4ti 
Hegadi.  Iilinri     .         -jf.  13 

131      1 
133  30 
198  40 

-  dilto,  rocky  point      ! 

8     B 
8  30 
8  42 

119  3ti 
119    a 

Bouton  Ulund,  5.  P.     .5  42 

129  44 

Goonong  .Apee  1  Peak 

8  II 

119   5 

—  Town                .         .5  37 

128  48 

Comodn  Island     . 

8  22 

-N.E.  Point    .         .14  23 

123     4 

Fiona  or  Mongerye  I, 
S.  \V.  P.  Blmut 

-  Calaii!<oe>e  Horbourll  55 

12J  M 

—  Eajt  Point        .         .15  15 
Token  Beiisj's  l.lands,  1 

laa  15 

-S.  P.  about       . 

-I-obetobie  Volcano 

9  00 
8  32 

mM 

—  VellbotmorKokoI 

6  14 

-.  53 

13133 
131     1 

1*4  48 

-N.  P.  Florcs  Head 
orlron^     .           . 

8     6 

111  f 

-ditto       .        .        . 

SI.  Matthew'!  Islands, 

b  10 

SlraKaofFlore..  S.  en 
Sandal  Wood  I  N.  P. 

8  40 

9  ta 

IM   ) 

(mid.)       . 
Mamalakjee  I.  {N.  W 

Tonin  1.) 
Schiedam  Ialflndi,N.W 

5  IS 

641 
7    I 

IS4  16 

130  14 

120  3S 

-BlufforWe.tP.       . 

-E.end"'""''  ;    : 

—  Padewawj    or  Bar- 

9  42 

10  es 

10  00 

119  « 

I9QU 

—  S.  F,.       . 

-  Shoal      .        . 
k-BlalOB  Island      . 
Alfred'!  Shoal       . 

1  \i 

7  87 
7  18 
7     •) 

I3U  56 
131    13 
131  40 
ISl  36 

.Si-!     :    : 

New  Island 

9  37 
10  37 

10  46 

ISO*) 

123  m 
in  i 

laggor'a  Reef  or  Bnnga- 
loK  Shoal,  aboat 

7  40 

121    13 

PuloCombaorCamba, 
Lomblen  I.  Peak  (on 

7  49 

itsu 

-dilto,  another    esti- 
^ngelicB'j  Shoal  '.        '. 

7  35 

131  46 
181  58 

N.  W.  P.)        .         . 
-  E.  Point 
Panlar  I.  N.  F,.  P. 

8  13 
B  14 

I2J» 

iMoe 

IM    i 

lUlM 
U3U 

—  dilto,   another  e«ti- 

EaitWand.Slr.ofAloo 

6  00 

mate    . 
RuiaRajiorLusardrl 
RuBa  l.inEUBtte  or  Ho- 

7  40 

3  17 

133   18 
121  33 

Middltil.lv.d,  ditto     . 

-E.P.  .    .    ; 

iRoUoorRoUel.  S.W.P. 

8  S3 

i    6 
8  14 

I2i  00 

122  41 

8    9 
8  IJ 
1     »    1 

mv 

us  16 

■"" 

TABLE  XLVI.    Latitudes  and  Longiludei. 


-r^ 

Lc«g. 

-rrr 

hrt. 

D.M. 

D.  ?1 

D.  M. 

—  Boueii  Baj  on  S.  side 

10  46S 

li3  QOE 

Cap«  William       . 

SMS 

118  5BE 

Timor  i.lud,  S.  W.  P 

10  33 

123  30 

Cape  Temocl  or  Samn 

-  -  Copiiig,  Fort  Con 

S.  P. 

0    8 

fe      <«dh.*. 

10    9 

123  35 

-  N.  W.  P. 

0    IN 

119  » 

S  -  P..k       .        . 

9  41 

l»4  11 

CapeDonda 

049 

119  S7 

-  -  N.  VV,  Point  . 

9  84 

123  35 

-■  Cape  Ri.er* 

1  is 

180  34 

-  TulTcuin  Biy 

9  IB 

124  23 

:  Manado 

IS8 

185     4 

-Batto-jody      . 

9  57 

184  53 

5:T„r".    : 

1  48 

185  84 

—  PointneaKitOmba; 

9  39 

125  13 

I  58 

185  84 

—  Dillj  or  Uiely 

9  3-; 

123  40 

fema\iUa«       . 

1  28 

185  19 

-  Extend        '. 

8  31 

127  15 

Caatiean  Bay       . 

048 

185  00 

P«lo  Bitto  .        . 

9  16 

124    5 

GoonongTeUa  River 

0  88 

123  tS 

Pulo  Cambins  or  Pas 

Cape  Talabo 

0483 

184  18 

sai 

I2'3  39 

4     3 

8  11 

ir>  43 

"mbbj  Island,  mid. 

334 

1)3  14 

Wetl«  1.1and.  E.  P. 

7  46 

126  54 

Cambjnil.PeBk 

5  81 

188     1 

-  Pulo    Baby,    near 

Middle  liland               .'  5  40 

180  88 

S.  VV.  P.        . 

; 

Boele-comba  IliJl           .    5  33 

180    9 

Doililutd  . 

6  35 

126  40 

IViller-s  Shoali  and  | 

430 

117  r 

7  41 

126    3 

Laurel  Rock>,  limit! 

4  37 

117  IB 

KaKr  Iilind 

600 

127    7 

Vocsa  Sera  lilandi 

5     1 

117     9 

Pulo  Jackce  or  Noosa 
Ne«ing   .        .        . 
LettM  1.  W.  P.    . 

Noeaa  Comba 

5  15 

UT     9 

a  19 

127  19 

Shoal  off  Noesa  Comba 

586 

117  00 

8  16 

127  46 

Little  Pulo  l.aut  I.  mid 

4  51 

115  « 

Roma  lituid 

7  39 

127  30 

Island 

4  25 

116    3 

p«n  1.      .                 .'3  40 

127  21 

^  Dwaaliler  Ulnnd  . 
^  Royal  Gcorjc  Sboal 

4  IS 

116  81 

Tunle  Iilandi    euiem 

5  23 

127  3S 

4  17 

116  10 

Cerom     liland,    abou 

6  10 

129  i-t 

Ta-o  Brotbers       . 

4  26 

116  3S 

Babber  lilanit,  about 

7  ai 

130  4» 

Ureal  Pulo  Laut,N.E.P 
-  N.  P.      .        . 

3  21 

116  41 

Timor  Laut.  S.  P. 

8  I> 

131  50 

3  11 

Arroe  Iiland,  S,  cat.    . 

9  00 

135  00 

-  S.  l.l.oB-tbeS.E.P 

4    7 

The  Tbret  Alike  Uland 

3  39 

116  54 

XLV.     Bonua,  CrUbi,,  iu««ie,  itiM  U.l 
aijatent  hlmuli  mJ  Sluals,  as  Jar  tull 
w  .V«c  6-un<a.                                      | 

D17  Sand  llank    . 
Triangle  Island!,  mid 
Little  PBleniosters,S.P 

-  n'.  w.  p.      '. 

3  37 
3     3 
a  50 
2  10 
8     8 

117  49 
117  33 

117  58 
117  48 

Ut    1    I^ng. 

D.  M.    D.  Si. 

Pamaroong  or  Dondre 

ra^ioMSambar.SW.P. 

8  533.^110  14£ 

idn  L  3.  P.       . 

0  54 

117  36 

1  16    'no    7 

ie«n  liiand) 

0  38 

119  43 

rinjong  Factie     . 

1  16 

109  35 

Ponliiuia  or  Leva,  R-en. 

0    g> 

109  12 

Banguey  Peak 

7  19N. 

117    6 

j  Point  Marapara    . 

0  17 

lOH  5cl 

Bahunbang  1.  N.  Harb 

7  16 

116  58 

S   -laek^o  Road       . 

G  Riier  SaiLbag,  entrance 

"raigonsApw      .        . 

1    4 

Bala'mcl.  'Hill) 

7  59 

117  00 

1  IJ 

109    3 

MangHee  Island.  . 

7  38 

117  16 

1  55 

109  24 

>t.    Mkbiel-)    Ulandj 

raqioDg  Uotoo    . 
BORNEO  Road  . 

300 

110  36 

(BangcairanK) 
Toob-Bataha  SLoal 

748 

118  M 

SOO 

14  »; 

8  00 

19  37 

Puto  Tet*a .        .        . 
Abai  Ha%t.r       .        . 

533 

15    7 

Palawan,  W.  end 

8  14 

17  14 

6  21 

1«  15 

-  N.  P.      . 

II  30 

19  17 

Kwner  Btlioo  Moun- 

Itasged  Iiland 

11  IS 

19  81 

uin          .        .        . 

6    3 

16  40 

Cagayan  Soolo    . 

700 

18  36 

^>ooto  Island,  Town      . 

6    1 

SI  18 

Sio,  N.  P. 

7     1 

16  46 

Point  Unanoe    . 

3  17 

19    a 

Sboal 

6  13 

21  38 

1    S 

19  10 

6  IS 

20  40 

RiKT  PaMier,  eDtnnee 

IMS. 

16  30 

Belawn  1.  E.  P.     . 

600 

88    4 

Ra»d  Point 

8  10 

16  48 

6  14 

28    6 

Sboal  Pnni 

«3» 

16  47 

ramook  bland     . 

68S 

ai  66 

Point  Salatan,  S.  P.     . 

4  10 

14  43    ; 

Mataba  Utand,  S.  P.     . 

6  3] 

21  eo 

1 

PeelM  1.  N.  P.    . 

6  41 

81  45 
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C,  del   F.fpirilii  ^anlo 

Mindurol,  S.  P.  . 
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-  I.iunapac  Bocka       . 

19    5 
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CspeSt  IWefoino 
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in  17 

^  Samboongan 

6  5a 

ISa  14 
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7  10 

124  35 

i.  S.  P. 

99  IS 

NegTOn,  Soulh  Poinl 
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123     3 
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SO  S3 

ISS  SI 
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9  34 
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in  13 

pM^I-roint  Na,o|f 
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20  37 
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in  25 
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North  Bashce,  liigh  1. 
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21     9 
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11    IB 

122     2 
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21    43 
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11  U4 
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Sombrero  Rork     . 

[U45 
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While  Rock 

10  ^6 

121  31 
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21   35 
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Xima       .        .^. 

21    66 
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II  21 

121  1] 
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31    59 

191  4J 
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lil  2] 
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21    42 

190  5B 
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21    54 
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Yiinl.l>nd.,S.  KoffS 

F.  Mindoro       . 

'Coral   Shoal,  Wcit    o 

IS     9 

121   13 
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^kcltnn>l.lnnd,  onN. 

1  58 

184  36 
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185  57 

aulRofk    .        .        . 

liy  fid 
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139  19 

Semnei  Islands.  S.  P. 
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23  46 

115  50 
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23  49 

116    T 
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0  39 

139  11 

A  BIsck  conical  mount 

33  53 

116  11 

Canton  Packet  Jboal 

0  35 
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Breaker  Point 

23  67 

116  31 
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0  46 

Cape  of  Good  Hope 
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tienlia  . 

0  13S. 
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TehiD-sao  Island! 

W  30 

in  36 
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ISO  38 

0  30 

1S7  e 

Tchoo-san  Island 

IS     1 

181     1 

TidortIiland.S.Mt 
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as  58 

119  13 

BBTd'Eelaing 

48,i9 

141  37 
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49  35 
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136  19 
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31  27 
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Shipiinakcj-nMi 
M>>ui  KamtskBlka 

53     6 

|-i9  50 

\olcano  [.   . 

30  43 

130  17 

i&16 

163  00 

Seriphoi  I. 

SO  43 

130  44 
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ympNpdn.lriand.N 

31   SO 

WJS, 

I 

■ 

—^^11 

^^H 

1 

a 

^^^H' 

■ 

^^HH  ^^^^^^H 

1 

TABLE  XLVL    latitudes  and  Lonsiludea.                    *^^l 

Ul. 

Long. 

Lai. 

rt:    1 

D.   M. 

D,    M. 

D.    M. 

S)i»p1«s.do.bUBd.,S. 

RsakokUland 

48    8N. 

»  ISE.         ■ 

V.p.  .       .       . 

1  MN. 

29  37E 

Mmir  liland 

4S  If. 

53  15              ■ 

McK-Simt  I.  S.  W.  P. 

II  36 

29  40 

Trap  Rocki 

48  36 

53  44             ■ 

-  N.  E.  P.          .         . 

M  it 

39  51 

49     8 

54  39             ■ 

MkJerfidiRock*  . 

tl  43 

29  33 

PoromuKbLr  1.  S.  P.     . 

50  00 

55  24             ■ 

Tsiu.  1.  S.  end 

34     6 

129  IT 

-Peak Fuss  (S.W.P.) 

W  15 

55  10            ■ 

—  Cape  Kidn-Bufngono 

34  19 

29  30 

—  Eu>  Point 

50  28 

56    9           ■ 

-  NorUi  Pouil    . 
Colneli'i  I.IWM)   . 
Dagelctl.  N.  E.  P. 

14  4(1 
14  16 

37  2S 

129  29 
129  66 
131  23 

135  55 

XLVIl.    J^EW  HOLLJI^D  and  Uu  »A\       ■ 

Niphonl.    . 
-SwlkPoiDl    .        .S3    5 

L.t. 
D.   M. 

rt: 

-CpeNoW      .        .37  36 
-A   Rock                   .'V  36 

137  S4 

Pedro  BnncD(Rubrkk) 

44  OOS. 

147  45E, 

137  34 

South  »Test  Cape 

43  34 

146    6 

-  JooUi-Suni      .           37  SI       137  40     | 

Mew  Stone           .         . 

tt4* 

146  38 

1  -  itdo                           -Mi  39 

140  00 

South  Cape  . 

43  38 

146  49 

-CupcKennii    .          .\3^  lU 

HI  30 

Eddvilone    . 

43  51 

147    8 

132  SO 

Sidiouth'sRotk   . 

13  46 

147    9 

—  Riu-iiui'a  Promonto-I 

Tisman'a  Head     - 

13  33 

147  36 

n,  S.  P.                .  39  46 

139  44 

13  32 

147     6 

-N^fe.P.          .        - 

40  00 

AdrentureBaj     . 

13  ai 

147  33 

-Town     . 

40  30 

140     G 

Frederick  Heniy  Bay 

43  5S 

147  49 

-  Cape  GumJIj 

40  S8 

139  48 

Cape  Pillar 
Oyster  Bay  . 

13  19 

149    9 

—  PiBk  Titciiui 

40  40 

140  It 

19  *i 

146    8 

-  Cm«  Greig     . 

11     <) 

110     8 

SI.  PatriLk'sHead 

41  48 

148  23 

—  Cipe    Songu-    («nt.| 

Cape  PortlBud      . 

10  49 

148  IS 

StraiU  ef  Snngar) 

41    16 

Port  Dalrymple    . 

41     3 

147  11 

OsiinftUlBnd 

i:<9  19 

Circular  Head      . 

40  43 

146  13 

Kosm&Mand 

41  «1 

139  46 

Cape  Grim.  N.W.Prom 

in  41 

144  46 

Okoiir  l«luid  (middk) 

4a   9 

139  30 

Wot  Cape  or  Sandy  Pi 

41    4 

44  36 

Jeuo  bland 

Macquaric's  Haitoir 

43  13 

145  38 

Cape  Nideihda  (enl.  of 

Point  St.  Vincent 

43  16 

145  55 

Blmil.  orSftopit)     . 

11  a.i 

140    9 

Port  Daily  . 

43  93 

146  00 

~  Cape  Sineko   . 

41  38 

133  53 

-  MMiumay  town 

41   3S 

140    4 

Ent.  to  Bank't  Siraita 

40  38 

146  30 

-CapeOoU-Niwwu 

Ij  la 

139  46 

Fureraui  Island*, 

-  Cape  KuUiiofl' 

4i  38 

140     1 

-  Barren  1.  S.  E.  eit 

10  25 

146  36 

—  Cape  Biflcn   . 

140  16 

-Clnrke-sI.S.  eit. 

10  34 

—  Cape  Okaniar,  S.  P 

13  n 

140  ji 

—  N.  Sister,  nor  N.P 

-  Cape  TikB-aima 

13  SI 

110  Ji 

of  Great  bland 

39  38 

147  66 

-  Mounl  Rumnfffty 

4BfiO 

141   11 

Endearour  Rock  ! 

39  .33 

147  3S 

-  C.p«  Maletpina 

13  48 

141  18 

Kent's  Group        . 
rhe  Pyr.mil 

39  29 

147  17 

-  Cape  Schuchkoff 

-  PaTu.  Mountain 

44  S5 

141  .1* 

39  43 

147  13 

U  00 

14154 

Watcrbouw  Islond 

10  49 

147  3B 

—  CipeRonunioff(N 

Huntcf.  Ulondj  . 

^1).        . 

15  26 

141  34 

-  Black   Pyramid.  W 

40  33 

144  88 

-  Cape  Sora      . 

15  31 

141  51 

—  Ubatrow  1.  N.  Wcs 

10  35 

144  35 

-CJeShaep    . 

16  21 

■43  U 

King's  lilnnd  N.  E.  P. 

39  36 

I4S  55 

Peak  de  Uiie)«,    Ria 

West  cut  Bua's  StroiU 

39  10 

143  30 

«be-7l. 

IS  It 

141   12 

Cape   Guibtrt,  Re.fua 

Cape  Albany  Olway 

38  63 

143  » 

•cheiT  N.  E.  P. 

4S  28 

141     4 

Port  PWIip,ent.    . 

38  19 

144  36 

Jeurire  Wand       .         .|44  SS 

Ml   17 

Western  Port 

(8  31 

I4S  10 

141  83 

39  U 

146  84 

SlaUnliland,S.W.»<J 

1426 

147  33 

Rao  Head   .        . 

37  39 

149  45 

—  Cap*    Vrte.,  (Vriei 

^  Cape  Uowe 

37  30 

ISO    7 

Strait.) 

16  96 

149  43 

S  Capo  Dioniedwy 

36  18 

ISO    9 

Coiopaof'a  UUuiii 

t  Jcnis  Bay  . 

36    7 

160  S9 

—  Cape  Shouten 

46  18 

150  !>e 

B  fled  Pohl    .         . 

34  29 

151  14 

-  North  .nd      , 

16  28 

HI  30 

j  BoUny    Bay.  enlr.  (C 

Marikii,  1.  N.  tnd 

i:  10 

IB3    6 

s      Banks)     . 

34  00 

ISl  33 

jSoulb   eod  (Boinote 

S  Port  JwkHiii.  cm. 

33  iO 

lai  25 

Strait.)    .        .         HS<6 

I5i  32 

(;  Broken  Bay 

33  34 

161  37 

ISarrtKheffl,  Peak       .US    6 

163  12 

Port  Slephens 

39  43 

153  10 

^ 

_^^g^| 

■ 

^^^1 

iu 


TABLE  XLVl.    Latitudes  aiid  Longitudes. 


■i 


I 


I 


Cipc  Hawke 
Smoky  Cape 

Solitary  Islands 

Cape  Byron 
Point  uanger 
Shoals  off  ditto 
Cape  Morton 
Shoal  . 
Sandy  Point 
Cape  Capricorn 
Keppel  Bay 
Barrier  Reef,  S.  P. 
Cape  Townsend  . 
Cape  Palmerston 
Cape  Hillsborough 
Cape  Conway 
Cape  Gloucester 
Cape  Cleveland 
Cape  Sandwich 
Cape  Grafton 
Cape  Flattery 
Cape  York 
New  Year's  Island 
Vandienian*s  Cape 
Red  Island,  off  P.  Vul 

can 

Blinstiers  Shoal  . 
Greyhound  Shoal 
Clarke's  Reef  N.  of 

Rosemary  I.     . 
Eastern  Rosemary  I. 

Western  ditto  N.  P.    , 
DoubtAil  Shoal    . 
Piddington*s  Islands 
Shoal  (land  of  N.  Hoi 

land  in  sight  from  the 

mast  head) 
North  West  Cape 
Dirk  Hartog*s  Road, 

ent  to  Shark's  Bay 
Houtman's  or  Abrohlos 

Shoals     . 
Rottenest  Island 
Cape  Leuwen  or  S.  W. 

Cape 
Cape  Chatham 
Cape  Howe 


i.at. 
D.  M. 
32  13S. 
30  61 
30  9 
29  56 
28  7 
28  7 
28  7 
27  1 
26  58 
24  42 
23  29 
23  18 
22  60 
22  12 
21  27 
21  00 
20  32 
19  58 
19  10 
18  16 
16  51 
14  52 
10  38 

10  48 

11  12 


15 
17 
19 


9 
14 

58 


K.  George  III.  Harbour  36  6 
Paint  Hood  .  34  23 

Termination  Island  .  34  30 
Endeavour,  small  Isl.  36  27 
Port  Lincoln  .  34  48 

Nepean  Bay  .  35  44 

Endeavour  Shoali   off 
Cape  Jaffa        .        .  36  58 


20  17 

20  26 
20  35 


21 
21 


20 
21 


37 
36 


15 
50 


25    6 

28  30 
31  58 

34  22 

35  3 
35    9 


Lung. 
D.  M. 

152  30E. 

153  7 
ld3  21 

153  30 
153  30 
153  39 
15:?  ^i 
153  28 
153  17 

151  00 
150  36 

152  36 
160  11 
149  00 
148  33 
148  30 
148  6 
146  40 
146  8 
145  54 
145  18 
142  33 
133  18 
129  54 

124  22 
US  67 
114  40 


115  40 
112  25 
114  56 


114  25 
113  15 

113  35 

114  24 

115  6 

116  22 

117  38 

118  1 

119  36 
121  58 
127  2 
135  45 
137  55 

139  31 


XLVIll.     Islandt,  Rocks  md  Shoala.  in  the 
^fORTU  PACIFIC  OCEAJ^. 


AleooUkia  I. 
I —  Westermost    . 
1—  Oonalaska 
'Bank  (64  fathomi^ 


Lat 
D.   M. 

52  46N 
58  54 


Long. 
D.   M. 

170  42E. 
166  8SW 


N.E. 


Rica  de  Plata 
Reef  . 
Island 
Week's  Reef  36' 

and  S.  W. 
Island 

Ganges  Island 
Bank  of  Soundings 
Island 
Island 
Island 
Island 
Island 

Rica  de  Oro 
Island 
Island 
Island 
Island 

Calunas  I.    . 
ditto(anothcr  account) 
Island 

Patrocinio  Island 
Disappointment  Island 
St.  Juan 
Bassioeos  I. 
Island 
Reef  . 
Copper  Island 
Tree  Island 
Lasker's  Island 
Island 
Island 
Reef 

Bishop's  Rock 
North  Island 
Island 

Grrampus  Island 
Sulphur  Island 
Kendrick's  Rock 
Marcus  Island 
Weeks  Island 
Dexter's'  Island 
Island 
Reef   . 
Jardines 
Parcl  or  Peru  I. 
Abregoes  Shoal 
Reef  . 
Douglas  Reef 
Lamira  I.    . 
Island 

Bishop's  Rock 
Week^s  or  Wilson 
Reef 

Halcyon  I.  . 
Folger's  I.    . 
Reef  . 
Tarquin  I.   . 
Reef 
Island 


Lat. 
D.  M. 
33  50N. 
32  00 
31  30 


sL 


longT 

D.   M. 

160  39LI 

147  00 

140  00 


20  4S 
20  32 
20  30 
20  80 
20  16 
19  21 
19  10 
19  6 
18  22 
17  9 
17  00 
16  36 
16  00 


Pigaros  Islet,  northern. 
Urracas,  about    . 
Aaamnption  Island 
Alnagan  lalaod   . 


20  34 
90  20 
19  45 
18    6 


145  48 
144  15 

146  3S 
146  81 


TABL£  Xlri.    Latitude*  and  Longitudes. 


-TmT 

Looe. 

-nr 

k«6. 

0.    M. 

D.   M. 

).    -M. 

Bird  IiUnd 

6  47N 

46  13E 

6  55N 

32S0E. 

Tiniui 

5  01) 

15  47 

Lion'i  liland 

5  16 

32  IS 

Gdui,  L'dmUc  Bit      . 

3  31 

44  30 

St.  Andrew'*  Idind      ■ 

5  >0 

39  16 

PuloAnna  . 

4  38 

W    3 

RadufeefauDofMlnd*, 
vii. 

Kulo  Mariere 

Urd  North'.  1.   .        . 

4  19 
3    3 

33  93 
31  SO 

Aour,  dreuUr  |[roup  of 

G«,p.ShoJ,S.W.  P. 

^  53 

31   7 

32  isliuids  Mleuding 

-  N.  E.  P.          .        . 

3    6 

31  it 

13   milu   N.  W.  atid 

Helcn>e  Sho^ 

a  50 

3141 

9  19 

71  IS 

Freewill  OrSl.  David".  ) 

0  49 

:i4  17 

Kaien  rraap   U  mile) 
N.W:>ndS.E. 

l.laud>,  l>it.iU    .     \ 

I    3 

M30 

(lu^eM  1.)    . 

8  54 

70  49 

Pclewliland., 

-  Soutfaem  Iikmd 

8  9i 

71   11 

7  41 

J*  55 

group  oridandiN.W. 
&  S.E.  U  milu,  mid- 

■ngte 

8    8 

34  Ml 

-  LaiY"  R'f  f.  P"l  J'! 

8  18 

34  41 

air    ...         . 

9    6 

70     4       T, 

EtominioS;        circular 

gour     . 

6  5.1 

34  9! 

gtmp  of  66  {>bnd>, 

: 

M:itelote«,  N.  E.  1.       . 

3  S4 

37  45 

E.tW.30n.ile..i1il 

—  Southcmmo.t 

»  19 

37  4S 

mile*  wide  indotin^B 

■ 

Vnp  or  Hunter'*  I.N.P. 

9  4" 

wt  IS  Biitea  wide  i£ 

-S.P.       .        .        . 

9:» 

38    8 

i7  mile,  lone    ■        ■ 

Philip  loland)       .        . 

9    6 

40     3 

-  Odia  1.  eutem  ;  in- 

Thirteen  UUndg 

7  IB 

14  1  91 

choree 

928 

70  16 

Hawei.'  M«nd     . 

7  30 

li«98 

J  [,eKieporlUTdcnpv»F 

m   >ilau  ijroiip,   15    milcf 
i      long,  .')  miles  wi<le 

9  51 

69  13 

^  Strang',  (.land     . 

S  13 

169  68 

Mai>d> 

6  28 

153  94 

l-'Hnda 

5  47 

1.17  49 

"  —  KniKiiitcni-Ciipeni- 

Ivlinds 
I'lnnds 

6    9 

160  61 

1           lu  1.  (DDrlhcm)     . 
1  (.  Du  Nwcl  An  .         . 

0  91 

170  00 
170  55 

6  17 

159  18 

0    8 

lloM'.  laland.      . 

5  1.1 

165  19 

«  KutowirorLdirickgroup 

Bnrinjf-  l.land$  . 

r>  35 

168  13 

■epwatpdbj    .  cli»n- 

Palrnyrn  l.land      .         . 

5  49 

169  99 

nel  from  s  aoulliem 

Clu>lcrDri.l8iid> 

9  18 

161  9« 

group    colled  Sou  i  or- 

:     niiio 

9  55 

oSarTtgts,  exlend- 

iBrown'.  Range     . 

in'  N.4.3.95inUe. 
-  Clinnel          .        . 

'-  Arthur'.  I.Und,  K.  . 

11  43 

163  42 

11  11 

169  50 

-  Paxry'.  l.lMd,  S.     . 

11  19 

1US9 

Groop  north  of  Kuloran 

,Marj[»™fB  l.lnui] 

flsa 

166  16 

6  16 

:ljdia'.l.land 

9    4 

165  58 

~  Medjuro!        '. 

7  15 

jCatbarine-.  l.land  . 

9  14 

166    3 

—  Amo 

785 

Urrecife's  l.land 

9  36 

161    8 

Big>r,  south  of  KutQWff' 

1140 

iMujkitto  tJruup,  low  ( 

7  21) 

I6S  S3 

1        and  dangcro»>   .  i 

7  47 

11  00 

167  30 

Petermn'.  l.land  . 

H  54 

166  35 

nonhera 

11  BO 

167    1 

Chathan  ItLnd   . 

9  SO 

171  SO 

Re.r   .        .        .        . 

III  00 

179  SI 

Rtlich  chain  of  bland* 

Caliert'.  laland. 

H  48 

173  00 

eitend  nctrir  N.   & 

Ibbctson-H  laland. 

8    6 

173    8 

8.  about  one  d^i«< 

Qicorelslau^    . 

7  Ai 

168  45 

wert  of  the  Badack 

Mulgnve'>I.Iand. 

5  M 

179  39 

chain,  Til. 

Banhun'.  Idind  . 
Coak<.l.lBnd       . 
H>ll>a  Jilaml 

5  M 

lis  48 

^Ebong^up          . 

5  50 

167  IS 

1  IS 

171  57 

g  -  Nounureck  I. 

6  30 

0  34 

173    4 

1  Kuli  group  ..        . 

640 

Beef  .        .        .        . 

1  00 

179  S4 

-  Helutgixiup         . 
1  Odia  group  .        . 

7S0 

PilfaliUad 

9  5-1 

174  30 

8  15 

Matthew'*  Inland 

1  50 

176  10 

*  -TSd^uSd     '. 

900 

SimpKin'*  Utand 

0  96 

176  S7 

866 

Macavilf*  Iiluid* 

(,  11 

160  53 

-Tebotlaland  . 

830 

15  )0 

163  48 

Quxlekin  group   . 

910 

ComwBllia  or  SmTth'i 

Oudia-Miki  pwip 

10  46 

lilea 

16  46 

169  99 

StSSS-.- 

II  00 

Wake-.  laland      . 

19  00 

IM46 

11  » 

16T  15          Laaiini,  W.  PL    . 

JU  9* 

166  4t 

TABIiE  XLVI-     Latitudea  and  Lon^tudeS. 


D.  M.  Id.  m.  1 

D.    M. 

iTU 

Guper  laUnd 
Gasper  Bito  I.     ■ 
Wake's  Rocki      . 

5    3N.  177  O0E.I 

Mouachuietls  Island   . 

MSSN. 

177    H 

4  43       IM     3     1 

Island 

84     4 

itaog 

7  48 

73  45 

»4     6 

188  30 

St.  Peter      . 

1    3 

73  55W 

—  another  acccNDt 

S4  S6 

Bgrbulo*      ■ 

8  54 

78  81 

Uar^ner'sReeT    . 

S4  11 

168   9 

Kru-'tetbtern's  Rock       - 

i  IS 

75  37 

Pollard's  Island    . 

84  48 

168  00 

Nccker  l^laad 

3  34 

64  38 

Allen's  Reef 

35  00 

167  S7 

French  KrifStc's  Shonl 

3  45 

6S  60 

Cooper's  Island    . 

25     4 

lllM 

Liatanskj'B  Island 

6    3 

73  40 

Moro's  Reef         . 

95  96 

170  16 

Island 

25  22 

13116 

OwhfbecN.  point 

iO  17 

65  58 

A  Rock 

85  30 

174    3 

—  E.  point 

S  34 

54  54 

Jjiysnn's  Island    . 

85  50 

171  51 

—  S.  point  . 

3  54 

55  45 

LL<K:anikey's  Island 

85  59 

173  41 

-KonkakoaBay 

9  S3 

5E  56 

Ne.a  Island 

86    5 

ITS  as 

I'loiTC'?,  E.  paint  . 

0  SO 

S5  56 

Maro'sReer.Cdangeroos) 

86    6 

170  34 

—  S.  Point 

a  34 

j6  13 

Island  tltock       . 

36  S4 

170  SI 

-  W,  point 

0  54 

56  36 

PearlK:  Kennes  group  o 

37  46 

17«15 

U  33 

56  33 

Clflrite's    ReefOO  miles 

^  RjDEU,  S.  point     . 

I  Morotoi,  \V.  point         . 

0  46 

56  53 

N.  W.  and  S.E. 

87  49 

176    G 

il   10 

57  14 

Bunker's  Island     . 

88  OO 

17)  30 

1  43 

57  58 

Island 

93  S5 

178  11 

Altai,  WhymoBBaj      ■ 

21  57 

S1140 

Uland 

8854 

178  « 

Tnhoora      .        .        - 

il  40 

60  24 

Shift's  Island        . 

38  53 

119    t 

Onreheon    . 

£1  50 

160  15 

1  Oreehoua     . 

a  9 

60    8 

Bird's  IsUnd 

13     8 

61  45 

I  40 

98  00 

Gardner's  Island,  disco- 

Wcnman's  Island 

1  83 

91  44 

tered  IgSO 

iS    3 

167  40 

Re^oodo  Rock     . 

0  15 

91  34 

Miro's  Reer,  ditto 

25  23 

170  ao 

Abinpon  Island,  C.   Ib- 

etson 

Oit9 

90  43 

Gallego  IslsTid      .        . 

1  42 

104    5 

Alhemarlel.   C.Berke- 

Christmas or  Noel  1.     . 

1  58 

157  38 

ley           ... 

0     3 

91  31 

Sidney  or  Fanniiig's  1. 

3  44 

l.W  88 

I  —  ChriiloiAer's  Point 

0  SOS. 

91  3S 

Island          .        .        ■ 

4  30 

136  00 
60    6 

0   13 

90  41 

Ne»-rork  hland 

444 

ChBrlesi.S.P.    .         ! 

1    30 

90  U 

Cocossljlinds,  or  Chat- 

Ch^ithaml.N.  E.P.     . 

0  45 

89   9 

bun  Bur 
Palmyr.  I.  -        -        - 
(■land 

5  87 
5  49 

87  15 
63  19 

66  50 

—  Stepben's  Bb/           .(  0  53 

MS7 

XLIX.     Wand,,  Rockj  «nd  Sho 

■Is,  .111 

B>rixrr>>  Island     .        . 
Raef    .... 

Cllpperton's  low  Island 

8  50 
0  00 
0  23 

78  00 
179  84 
109  19 

SOUTH  PACIFIC  OCB. 

W. 

L>t. 
D.    H. 

n. 

154  30 

New  (Juloea 

bland                           ■ 

1  33 

164  00 

~  Middlcburg  Island 
-  Cape  of  Good  Hope 

0  20S. 

133  la 

Uland          .        ■        ■ 

13    9 

168  84 

0  SO 

ISSIl 

BhotI  .        .        .        ■ 

13  32 

170  31 

—  Flat  Point 

0  46 

134  13 

Shoal           .        .        . 

14  30 

ITO  33 

-CapeVatshe    . 

9  S6 

137  19 

ChisleroflslaDds     .{ 

16  00 

133  00 

-CapeRodnty.         . 

10     3 

147  a 

17  00 

136  00 

-  King  William's  Cuie 

6  40 

148  U 

Island          .        . 

lb  30 

163  64 

Passion  Rock 

16  56 

109    5 

Straila     . 

CamwnllisJ. 

16  54 

169  33 

EasleniFields  or  Reef^, 

New  Blada 

IB  17 

114    3 

N.  E. end 

to      9 

I4i  43 

Clarion  Idnnd      . 

19  31 

114  52 

-  N.  IV.  part      . 

9  59 

l4JSfi 

Island 

18  32 

156  15 

Murruy'slslands  . 

9  55 

144    S 

Shoal 

I3il7 

170  30 

WamtBior  Dnrrley  I. 

9  S8 

143  40 

Soeora  Island       . 

19  4^ 

110  10 

3  Pandora's  Shoals,  N.  P. 

9  t>5 

144  14 

Island 

19  15 

166  39 

1  -  Wreck  Reef,  S.  P. 

11   85 

144  00 

SI.  Brrto     . 

19  18 

109  53 

^  — Portlock'sRaef 

9  49 

144  4S 

Island           .         . 

19  83 

115  IS 

j  —  enl.  Tones  Straits  . 

9  &i 

144  4S 

Roca  Partida 

19    4 

111    6 

:  -  Boot  Reef 

9  59 

144  40 

Mallon  Island       . 

19  33 

165  23 

3  Indefttigable's  enL  ditto 

11  50 

144  10 

C!o.id-s  Island      . 

19  46 

115  00 

Halfway  Wnnd     .         . 

10    7 

143  1) 

Copper  Island 

80    6 

131  64 

Booby  Isle   .         .          . 

10  87 

141  5t 

Island 

8100 

176  34 

fork  1.  (Ml.  Adolphu.) 

10  37 

149  40 

Sbaln's   Island   . 

M    6 

118  14 

TABLE  XLVI.    Lttitudei«ndLon|jtude>. 


-cr- 

D.    M. 

n. 

D.   M. 

^\ 

Prince  of  Wales'  gioup, 

15  SIS. 

176  HE 

N.  P.    . 

10  OQS. 

142  liE. 

De  Pejsler'iJslsods      . 

8     5 

178  17 

13  34 

143  47 

Ocean's  Hieh  Island     . 

0  48 

170  49 

Pleasant  Island    . 

0  90 

167  10 

liardner's  Island. 

1  00 

168  40 

Dui«rl,      . 

0  11 

135  12 

DulPs  IjroLp 

10  00 

166  50 

-  N.  W.  at.  of  Sba»l 

Ganna-  Isluid    . 

9  44 

166  43 

off  ditto 

0     I 

135    B 

Slenart's  Island  . 

384 

163  00 

^moDl  or  SanUCnizI. 

—  Cape  Dglireraoee    . 

11  49 

154  30 

-CpeBoscawen       . 

10  55 

166  10 

Suphcn-a  Itltnd  . 

0  81 

137  43 

Pitt',  or  Aldemey  I.     . 

11  50 

166  46 

Ourotir'9  btind    . 

1  17 

143  30 

Cherrr  Island 

11'  37 

170  34 

Admiralty    Uluids,    { 

1  50 

146  00 

Voluno  Island     .        . 

10  39 

166  13 

li».>U         .        .\ 

3  10 

14S    6 

Mitre  Island        .        . 

11  49 

170  48 

SjdfKj  Shoal 

330 

146  50 

BuTrell  Island     . 

13  13 

169  0" 

Actiig'i  lint  Rwf  (dis- 

Pandora's  Reef    . 

18  11 

173  00 

CDiered  1811)  . 

340 

146  53 

ChsrblU  H  ank 

11  46 

174  43 

-*econd  reef  [ditto} 

3  41 

146  37 

New  In-ltud 

Sir  J.  BmVs-s  Island    . 

13  87 

167  34 

-  Cipe  St.  Geo^      . 

A  54 

158  59 

Espiritu  Santo,  C.  Lis- 

—  CutoTct's  Hub.      . 

4  43 

152  46 

lurae   . 

15  41 

166  57 

NewHuiorer  W.  end 

«85 

149    6 

—  C.  Cumbcriand 

14  39 

166  47 

New  Britun 

—  BoT  St.  Philip  and 

-CapcPallinr  . 

4  13 

153  10 

St.  James      . 

15  10 

167    6 

-CpeOrford    . 

5  40 

ISi  31 

—  C.  Quim        . 

14  56 

167  30 

b  la 

151    3 

Leper's  Island 

15  33 

167  58 

—  C»i.e  Ann 

6  27 

149  33 

Maskeltne't  Island 

16  33 

167  59 

Cocos  Islands 

156  36 

16  38 

167  59 

Shod*   w.  ofBoi^in- 

-PartSandwUb 

16  35 

167  53 

»Llle'«  Strait      . 

6  11 

154  33 

15  43 

167  17 

Bougsniille  Strait 

7  00 

155  53 

Auron  l.lwd 

15     9 

IrtS  17 

Laughlan'i  I>]sad«,S  E. 

Table  Island 

15  38 

167    7 

920 

153  43 

WhilmntidE  Island       . 

15  44 

168  30 

Bridgenaler  Shoal 

8  54 

156  49 

Ambrjm  Island    . 

16     9 

168  13 

Cape  Deception    . 

8  30 

156  56 

Paoom  Island 

16  30 

16S  39 

Cape  Nepean 

8  51 

1 57  33 

Three  Hilli 

16  59 

163  38 

.-  CapB  Marsh 

9     T 

153  46 

Apae  Island 

■  6  46 

168  32 

3  Deliiersnce  amatl  I>1d>a 

10  51 

163  37 

Sbeppaid's  Islands 

16  58 

168  43 

Monuueni  .        .        . 

17  14 

168  39 

a     ^1/               _ 

10  IS 

161  15 

Montague  Island 

17  36 

168  38 

1  Betlona  lilaiid      '. 

11     6 

159  37 

i 

Hindiinbr^e  Island     . 

17  35 

168  38 

1  BcUona  Shoal 

12     5 

159  48 

Sandwich  Island 

17  41 

168  33 

1  Pandora  and  Indispeti- 

Erroroannt,    Trailor*! 

oble  Shoal,  N.  P.    . 

IS    9 

160  30 

Head       . 

(8  43 

l69  90 

-s.p.    T"     .      . 

U  46 

160  45 

Immer  Island 

19  16 

169  46 

Well'aSlinal 

13  iO 

157  SB 

9  33 

169  41 

Port  Piulin 

7  30 

157  51 

Erninam     . 

9  39 

170  IS 

SlewaH'i  lilMd   . 

S  !4 

163  00 

Enatam 

30  10 

ITO  '4 

Bradlej'i  Shoal    . 

646 

161  00 

Durand-sReer     . 

as    6 

169    t 

Urd  Howe'i  Gronp     , 

5  24 

159  17 

Walpole  I. 

a  39 

169  16 

Hunter's  Islands  . 

448 

1S7  00 

Matthew's  or  Hunter's 

thank's  lihnd     . 

088 

163  00 

Islaad      .        ,        . 

sa  24 

178  IS 

Blaner's  Island    . 

0  39 

174  15 

Dundas  Island 

0  15 

173  68 

Diana's  Bank,  about    . 

15  41 

150  30 

Bjron's  Isliuid     .        . 
Hope  Island 

1  13 
1  11 

1T6  84 

177  13 

15  3i 
15  18 

149  00 
147  51 

S  47 

176  59 

Alert's  RMf        .       . 

17     8 

151  49 

S  36 

176  15 

MelUsbe'.    Kejs    and 

Sherwn-s  bland  . 

5  56 

176  33 

Reel*       .        .        . 

IT  16 

156  19 

Ellice'i  Group     . 

S  S9 

179    6 

IS  49 

158    S 

Mitdhcll's  Group 

9    6 

179  48 

it.        .        .           i 

19  30 

153  45 

9  18 

179  50 

Afon'sl.    r 

19  30 

153  19 

Independeow  I.  .        . 

10  35 

179  00 

Chestereeld  Bwk 

19  53 

158  35 

MitcheP  1.  .        .        . 

10  37 

179  38 

Belloaa  Shoals    . 

W  55 

159  47 

Island          .        .        . 

10  45 

179  35 

. 

BaobT  Shod 

11     2 

159    9 

TABLE  XLVI.    Latitudes  and  Longitudes. 


U..- 

Long, 

■■ 

Tsr- 

■^5^ 

D,    M. 

D.    .M. 

D.    M. 

D.    St. 

20  SOS. 

lil  23E 

Mai.qt>Brw'>I>knd 

54  4SS. 

159  4*K 

Mimrra.  Slionl      .    j 

II  i^i 

154  10 

The  Mgc  and  his  clerk 

54    10 

160    7 

B«r.r;s'i  Shoal.      .       | 

U)  4>l 

l3»    15 

1'he  Bkbop  U.  hLH  dork 

55    11 

159  ST 

Hi  5U 

159  30 

Auckland's  Group 

50  44 

lUOO 

—  Sandr  1. 

21  34 

ijd  ;io 

Caini>b<:ll'>  Mand 

5S  34 

1M30 

K«ii'i  Kerf 

n    •> 

165  49 

BounljloUnds    . 

47   3* 

179    * 

Mid-daj  Kecf 

31   5H 

154  M 

Antipudcs  Island 

49   35 

179    1 

1  Small  low  iroDdy  Ubnd 

Chalhum     Wand.    C. 

IS     3 

16a  51 

Voung    . 

13   4S 

176  sail 

1  Moulin  Island 

18  31 

16a  ;.a 

Comwalli.  Iblands 

44   36 

175  n 

1  K«rf..boui 

»  00 

ll,a  58 

Macaulc}  Island 

JO     8 

179  00 

■*  N.  W.  foirH 

19  ss 

IW  30 

SiinJaj  Island     . 

S9  I« 

ITS  13 

1  Ballealiea  Uland. 
*  Koijona,  N.  IV.  P. 

m   7 

if.4  aa 

Va«quM      .          .           . 

e*  40 

IT4H 

iO    6 

( 

33  59 

178  SO 

Cap*  Colnet 

2.1  3U 

164  56 

Nkbolwn's  Shoals      ? 

23   37 

m  n 

ii    5 

167     8 

\ 

iO     6 

US  3b 

land 

j'2  15 

167  n 

Raumah  or  UrenTille's 

IikofPinu 

a  43 

167  3-1 

Inland      . 

13  99 

176  5TK 

Balan;  liland 

22  47 

167  17 

Soliury  l-lnnd     . 

10  40 

176  Ml 

Princo  of  Walei  Fore 

U.  or  Clarence's  I.       . 

9     9 

ITI  31 

toiid.  S.  P.        . 

2i  30 

166  50 

D.   of  York's  1. 

8  33 

J7S    4 

Port  St.  Vincent  . 

2S  00 

I6.>  55 

«uiro.  Island       . 

10  40 

170  00 

Ujaltj  Island      . 

>0  54 

lOb  30 

Joy.  Iiland        . 

6  46 

166  00 

Lellku.1. 

II  40 

m  00 

Wreck  Reef  and  Sand 
Bank      . 

ii  11 

15.';  19 

Sunarrow'a  lilanda     i 

13    6 
13  15 

63  it 
63  31 

CatoaBank 

jj    6 

155  23 

tVHilia  Island      . 

13  ai 

176  16 

ileef 

a  40 

l6l>  14 

Probj's  Island     . 

15  33 

175  51 

Reef 

»  4S 

164  14 

Uardner's  Inland 

17  57 

175  J7 

RayVUIand 

25  00 

166  21 

Keppel'slsland    . 

15  53 

174  1) 

Reef                   .        1 

26     4 

160  00 

Boseawei/K  Island 

5  SO 

174    S 

2'I  IS 

Navigator'.  Islandi, 

SirC.  Middlplnr'ala. 

20   1.1 

160  31 

-  (Ipoun,  K.  P. 

14    9 

169    ! 

Mkldleton-.  S1,o*l. 

S4  14 

153  S3 

-  L«ne,  S.  P. 

14     S 

■U  16 

Kliiibctb  Kecr  . 

JU     5 

159  00 

—  Tanfouc,  E.  P. 

14      5 

IW  IS 

Uiand 

M    14 

lOlP  37 

-Msaune,E.P. 

14  17 

170    5 

Lorl  Hone-.  I.    . 

H  Sb 

159  0» 

-  Ojolava,  E.  P. 

14     3 

IT!     T 

Norfnlkl    (Ml.  Pill) 

1<I    i 

lUH    10 

-  ('laiuclali 

14  30 

170  41 

Roinietln  tCcif    . 

M  30 

173  as 

L-alinasw,  N.  P. 

13  45 

171  51 

Islotriat    . 

13  51 

ITl  48 

\orth  Cape 

14  87 

173     4 

Aaiargiira 

18  OO 

174  SO 

Cope  Uren 

J5  I'l 

175  00 

VttVBoo  (Horn's)    1,. 

18  50 

1T4  00 

Cape  Colvillc       . 

lb  ii4 

175  4S 

Lati  orBifkcrtonl.     . 

8  53 

174  48 

Merciirj  Baj 

31.  4tt 

176     6 

Savage  Island       . 

19     i 

169  30 

Cupr  East 

ST  44 

17tf  58 

=■ 

-.-..oloa       . 

19  46 

175    6 

ohga  Baj         . 

38  ii 

17B  35 

Ilaai.bo      . 

19  41 

174  15 

Table  Ltpe 

39    f. 

178    a 

Bouhee 

19  34 

IT4  99 

rapr  h.i,{.mpppr. 

39 -1:1 

177  16 

Annamoka 

SO  14 

IT4  jO 

n^pi:  riiruagnui 

10  3-2 

176  49 

SO  36 

ITS  IT 

ri  ':«iik>-|.C.enJ 

iS  43 

3. he  Snare, 

J.i  -37 

170  16 

-^aoDiciiiaD'i  Road 

!1      6 

175     5 

16     S 

11.9  -11 

Koaa.E.P. 

21   24 

IS     6 

Hjistaart's  Isbind 

as  ss 

75  41 

&  ■■nigln'.  Mand  - 

IH   15 

166  44 

^CpeSoutl. 

167  Ifi 

Pearl  &  Ilemie'sRcFf 

97  46 

TG  00 

Suutbk\C!iBnv 

16  30 

167  S5 

King  lieorji'.  Reef      . 

9  56 

6T  30 

SdlanilPr't  lolund 

16  as 

166  33 

fl  OO 

69  ST 

Wr,t  I'Bpo 

I.'.  S6 

IU6     ti 

rthytoDtaeke      . 

S  56 

59  4S 

ilu-kyBay         . 

45  40 

166  16 

Hefvej'B  Island   . 

9  IT 

58  48 

Oprn  Euv 

13  51 

lt.rt  43 

•5 

Wateoo  Island   . 

SQ     ■ 

88  U 

Cagw  rniitHralhcr 

II   5H 

171   30 

1 

Marin  1.     . 

CapF  .  arauell    . 

III  4<i 

173  IS 

Mangeca  Uland. 

!1  57 

QuconCliirlollc-iSounJ 

Cap.- Campbell   , 

41      5 
41  34 

174  4U 
174  56 

1 

Rozbur^  Tslanda 

ei  36 

S9  40 

Cape  l-o!b.er         . 

41   !4 

175  41 

Scillj  Island 

6  30 

55  10 

■  itpc  EEmont     . 

n  a 

\1\  11 

lj«d  Howe's  I.   . 

6  46 

....■Hi  Mnml      . 

l-'*-^. 

ni:.   ^  \  \vi»M™Ta.\A»TA  . 

\fe'>& 

^«  33 

TABLE  XI.VT.    Latitude!  and  Lon^tudo.  ■■ 


Lat 

Long. 

~nr 

rtj 

D,    M. 

D.    M. 

D.    M. 

BalibolB  lilmd  . 

b  3iS. 

151   5i\ 

Onatetri  Itland 

138  51W 

6  45 

lil   31 

Magdstena  liluid 

10  85 

136  « 

—  .Jhamenenohart.      . 

6  45 

ISi   35 

Himfccine,  .>«h.iTBB«j 

t>  41 

151     S 

BuDter'a  Sbool  . 

0  17 

160  40 

SirC.  S.Drtn-1.1. 

7  iS 

150  58 

Marciu  Iiland    . 

086 

159  50 

7  30 

150  00 

lalud 

1     9 

IS8  M 

a  Tctkurwi    . 

1    >tabcite,    Point  Vaniu 

i  —  O.itipehi  Biy 

7     1 

149  36 

Brocfe'i  iiUnd     . 

1  13 

159  SO 

7  V) 

US  36 

bland 

3  38 

173  45 

7  46 

149  14 

Hero  laland 

5  40 

155  SS 

^   itoi^rzot  JAulea      . 

17  5S 

149     6 

ttlaad 

6  39 

166  18 

A  Rock      . 

7  51 

139  64 

I  Pr.  of  ■•'  >1«  I.  N.  P. 

14  58 

147  SO 

Pcniinhn's  Island 

9    1 

157  35 

IS  M 

116  30 

TienbQKn  I.       . 

10    5 

156  57 

Chain  i^liRi 

17  25 

145  30 

CroainEue  1. 

10    5 

156  60 

Gloucuier  UhnA 

10  31 

145  54 

Rein«D'>  lalaod 

10  11 

160  49 

24  47 

150  49 

10  87 

160  55 

82  43 

15*  00 

AsSf      . 

10  46 

[66    6 

Toehauni    . 

S3  15 

149  40 

Pucado  I. 

10  13 

159  85 

Kitli  Itbriri 

S3  44 

148    3 

11^51 

146    7 

(tyron'i  I  JftJid«   . 

Ti^nuL 

10  68 

143  00 

-TMukaa  t»lBniJ        . 

14  30 

145    9 

FKnt  liland 

11   48 

159    6 

DiiappoinUnent  Islands 

14     7 

141  sa 

Bauman'aliUnda 

11  68 

16S  18 

AdVBnt'ire  l.luid 

17     7 

144  44 

SpiridoO- bland  .        » 

14  41 

144  59 

FurneiuT  Iijind 

17  11 

143    7 

-PeH.ap.bl.Oora    J 

14  37 

146  IS 

Reaolulion  Itlud 

17  S3 

141  43 

liledeChkw     - 

14  SO 

138  4T 

l-lsnd 

16  00 

139  00 

[.le  Romanaoff  . 

14  57 

144  M 

^  Itluict 

17  OO 

138  00 

I.la  do    Kni- 

S  Bird  bland 

17  49 

148  43 

•eartem  eiton- 

1  Bow  liland 

18  17 

140  43 

dinr  N.  N.  E.     cantn 
aniTs.   S.  W. 

15  00 

148  41 

S  Pr.  Henrj'.  Ulud 

19  00 

141  82 

1  CumberUnd  I     . 

1  Qao«i>  Chsrtone'.  I.     . 
I  Whiuunday  lal«nd 
1  Ugoon  Ut«nd     . 

19  18 

140  58 

19  milu 

19  11 

140  80 

Cbainedu  Runck,   N- 

19  18 

133  90 

E.  P.      . 

15  II 

9  46 

139  18 

—  E.P.     . 

15  SO 

146  30 

19  48 

138  33 

—  W.  P.    . 

15  SO 

Daearaad  bland 

IS  45 

146  56 

34    S 

140  37 

Dean,  or  Prince  1 

eW.Ligoon,!.         . 

31  43 

140  30 

of  Wriea,  or    }  W.P. 

15  00 

I4B29 

C»rjrf«>.  I>]and 

80  49 

139  33 

Oanna  bland  \  E.  P. 

■  5  16 

147  l» 

UordUooct'dihnd       . 

81  31 

133  38 

bland                  . 

16  00 

139  00 

G»mbier'8l.lBnd 

39  S5 

135  00 

bland 

17  00 

138  00 

Creseent  UlMid   . 

S3  14 

134  38 

blaod 

SO  00 

167  50 

Sl  Ju»n  fiaptiili 

44  86 

135     6 

Elizabeth  bland 

it     6 

178  36 

Pileaini'-  I.lnnd 

35    4 

130  45 

Eunice  Inland     . 

41     8 

178  47 

UpojoWand- 

47  36 

144  11 

Eliiabelhl.)   . 

41  91 

161     4 

N^Mm  I.  (Ffderel) 

44  94 

188  11 

-pDnTocfaitKbuaO' 

9  57 

139  49 

DucM'B  bland    . 

M40 

194  40 

-  Port  A>.r.BM.r«,ent 
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TABLE  XLVl.    Latitades  and  Longitudes. 
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62  30 

63  00 
63  40 


Seal  Islands 
Cape  Valentine   . 
Sarah  Island 
Obrien's  Islands 
Bridgeman's  Islands 
Cape  Melrille 
SheriffCape 

Ditto    (another 

count)    . 
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Ragg;ed  Mand 
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rTHT 

D. 


Ditto     (another 
count)    . 

Ditto      the  harbour 
(by  another  person) 

New  Plymouth 

Monroe's  Island,  Presi- 
dent's Bay 

Castle  Rock  (west  of 
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Mount  Pbgah 
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69  45 

69  46 

69  50 
63  00 


Ditto  (another  ac'nt»|69 
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Note  to  page  27%  Table  XLVL   line  1. 

I  ha?e  considered  the  Essex  Sfuxd  to  be  the  same  as  the  FmrUe  Rotk^  and    hati 
^fenits  latitude  and  longitude  as  in  Horsburgh's  Directory,  namely  3^  Vt  S.  107^  2^  & 
le  place  assigned  by  Captain  Ome,  of  the  Essex,  is  3^  3^  S.  107^  OC  E.  difieriiy  niM 
iles  in  latitude  ;  and  as  it  is  possible  that  the  rocks  may  not  be  the  same,  I  hare  now  gt< 
m  Captain  Ome's  estimate,  made  from  a  meridian  obserration  two  hours  after  Hrikimg 
m  the  shoal,  June  26, 1804.  He  described  it  as  ^'  a  small  rock  or  coral  puieky  seen  bj  th 
at  the  mast  head  an  instant  before  she  struck ;  but  there  was  no  appearanee  of  a 
i;er,  though  the  breeze  was  fresh,  and  a  short  sea  running.   In  the  act  oi  wearing  aUp, 
struck  ra&er  on  the  side  of  the  rock,  which  reduced  her  velocity  from  8  to  24  knots  ■ 
ur  rubbing  a  few  seconds,  she  fell  off  into  dee^r  water  (8  (kthoms)  without  any 
[damage." 
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Natal  Ki*ier 

ATria 

10.  O'l 

todriques  IsUnd 

Indian  Ocean 

1S-4J 

Needles 

Itle  or  Wight 

9.  0 

itomiui  I  Cape) 

9.  0 

Newcaitle 

Engluid 

4.  0 

Orknejr 

10.3(1 

>f«-Bedford 

AiH^rica 

7.37 

iolterdaiB 

Holland 

l.St 

Ncwbu  report 

11.151 

Itye  Harbour 

Engtand 

10.61 

Ne..Ha»» 

10   16 

S 

New-LondoD 

America 

8.54 

iable  (Cape) 

^ora  Scotia 

9.  0 

■■ewport                    Males 

6.45 

Sable  Inland 

America 

8.30 

New-Vork               America 

8.54 

^alem 

II. 3( 

4 

t'odlka  Bound         Norlli   limeric 

lis. SO 

Salvador,  SL 

i.ii 

1  ■ 

«»re  Ligbt                Riier  Thamu 

la.  i,i  1 

Sandttich 

^dBd 

II.  C 

I 

'  S,   (ll 

■Sendwicb  Ba* 

lN<r.v^>Akk. 

>•*■ 

^  n  «  Ta». 

I 

K 

TABLE  XLVn. 
TIMES  OF  HIGH  WATER- 


S.inAT.ON. 

TD^ 

~ 

PLACF.,. 

«T..r.d.. 

Tsrt 

a    M. 

" 

n.   n-f 

tondr  Hook 

New-Jcrtcj 

6.J7 

Telling  (Cape) 

[reland 

b.   0, 

England 

4 

30 

IJ 

Terci.™ 

Aiorea 

i«w 

Denmark 

Oli 

Teie!.  (ent.  of) 

Holtand 

6.^ 

SeiUr  hlnndi 

Eng.  Channel 

4 

4U18 

Teiel  Road 

Holland 

7.ii' 

}ol  I)luid9 

Bsjor^'undr 

3 

451 

TblUl.c^  R.moutl 

England 

IS.  q 

3.  <Sl 

leine  River 

Frtnee 

9 

*• 

Tinmouth 

Englaad 

Mk»  Bill 

England 

9 

36l6 

Todhead 

SeMlaiM 

IS.45^ 

ielnui  Harbour 

England 

1.115 

Tirliav 

England 

teiwB'l  R-  ent. 

AWcn 

3' 

Tory  island 

Irelaiu] 

6.  q! 

ionn  Iilandi 

Lanland 

9 

015 

Townsend 

I0.*S  ' 

ihuinon  R.  enl. 

Ireland 

3 

45  ]S 

Tuskar  Rock 

Ireland 

7   ni 

Ihecntew 

England 

13 

«15 

Tr|)B  KoadB 

Itiver  Canton 

'"■r 

AmeriL-a 

10 

45!  <i 

V 

llieUu>dl.8.  end 

North  Sm 

10 

301  6 

Ushant  (<<ithiii) 

France 

a.4s* 

Ihielda 

England 

3 

"13 

Ushant  (wilhoutin 

IborehuB 

England 

9 

91,16 

the  oaing) 

France 

4.3S| 

SiemLtonE 

Guinea 

l&l 

V 

1 

Simon'i  Bm  (St. 

America 

30 

Vanne. 

France 

4.30^ 

^kerriei 
Skerries 

Wflle. 
Scotland 

10 

o' 

Vincent  VCfe  St) 

Spain 

«.3I» 

Skj  I>lud 

Scotland 

6 

^Va^dhuy« 

Upland 
Brutol  Chan. 

4.  (1 

Sligo 

rnland 

6 

45| 

Watciiet 

*s 

Sljno 

rrctand 

Waterford  Harti. 

Ireland 

Smalla 

Wales 

ai; 

IVeier,    Rjtct  out 

M.^ 

Franco 

10 

30 

tVeatern  Brace 

Bay  of  Bengal 

9.36, 

England 

4519 

Wciford  Haitour 

Iniland 

7.» 

loulhiFOuld 

Bnglaiid 

9 

0 

WeymoiiUi 

Eneland 

6.1i 

Spain  (N.c[iuli>n 

Bay  of  BiecBT 

0, 

IVhllby 

England 

3«'l. 

England 

Whitehaven 

England 
irefand 

ii.ii 

Start  Point 

England 

5 

55  811 

Wicklow 

9.  S 

'^tackton 

Enlland 

4 

30 

Winterton 

Ensland 

S.IS" 

itonehxen 

Scotland 

0 

Woolwich 

England 

rf 

SCn>m<.nu3 

Orknep 

lO 

30 

Wrath  (Cape) 

Scotland 

iunbunf 

N.  America 

9 

30 

¥ 

iunderiand 

EngU-id 

45 1! 

Yarmouth  Roads 

Englaud 

S.4S 

S«ttnKj 

(Veles 

6 

0  30 

YurnouOi 

Isle  orWifrfat 

4.ni 

Lapland 

19 

0  16 

Vorkahire  Cout 

England  * 

4.3a 

T 

VougUiill 

Irefand 

4.  Ml 

rouRiTer 

England 

3.3016 

>rK*i 


APPENDIX, 

^O^CTAIHlfffi  METHODS  OF  DETKRMIIf  INO  THE  LOICOITUDE  BT  OBSEETATIO^JI 

OP    ECLIPSES,   0CCDLTAT102(S,   &C. 

THE  longitiide  of  t  place  may  be  detfennined  in  a  rery  accurate  maoner,  by  obr 
aenriQg  the  beguming  or  end  of  a  solar  eclipse,  or  occultation  of  a  fixed  star  by 
tbe  moon,  or  the  difference  between  the  times  that  the  moon  and  a  known  fixed  star 
j^tss  the  meridtan.  These  obsenrations,  when  made  on  land  with  a  good  -  telescope  and 
iveU  reinilated  tim»-keeper,  furnish  by  far  the  most  accurate  method  of  determining  the 
longitiidb,  and  wham  made  on  board  a  ship  without  a  telescope,  will  in  general  give  it  to 
s  greater  degree  of  accoraey  than  any  other  method  :  For  this  reason,  it  was  tha«q[;ht 
proper  to  insert  in  tUs  Appendix  the  usual  rules  of  calculating  such  oibeervationsy  by 
Means  of  dbe  Nantical  Almanac.  The  first  thing  to  be  taken  notice  of,  is  the  me^od 
of  determining  the  kmgitade,  latitude,  &c.  of  the  moon  or  other  otgect,  having  regard 
to  the  unequal  velocihr  between  the  times  for  which  these  quantities  are  given  in  the 
Nautical  Almanac  This  calculation  Is  rendered  much  more  simple  by  m&ng  use  of 
Ihe  ogns  -^  and  — ,  and  performing  addition  and  subtraction  as  in  the  introductoir  rules 
of  Algebra ;  and  as  it  is  possible  that  these  rules  may  not  be  familiar  to  some  readers  of 
thb  woifc,  it  was  thoa^t  proper  to  psefix  an  explanation,  as  far  as  will  be  necessary,  in 
the  present  problems. 

<CDantitks  wUkmii  a  stgn,  or  with  the  sign  +  prefixed,  are  called  postllof  0ir^finMiiBe^ 
as  7  or  4-  7;  and  those  to  which  the  siga  —  is  prefixed,  are  espied  lUfoftve,  as**  7, 
■Miiilisii  of  qumUiiUt  kacing  the  samt  ngii^  that  is,  all  affirmant  or  oB  lugatiee,  fs 
mafamud  htf  atUSng  tkem  as  m  eommon  wrUhmttiCj  and  pr^ixmg  the  common  slgiL, 
Thus  the  sum  of  +  4  and  +  3  is  +  7.  The  sum  of  —  4  —  3  and  —  5  is  — 18. 
When  ike  quaniUUs  have  noi  the  same  sign,  the  posiHve  quantiiies  must  be  added  into  ana 
Jlc■^  and  tie  negative  into  another,  as  above;  the  difference  of  these  two  swns,  with  tkt 
sigm  rfihe  greater  smn  prefixed,  ttiU  be  the  sum  of  the  proposed  quaniiHe$.  Thus  the  som 
of  +  14,  —  7,  +5,  and  —  2,  is  found  by  addii^  +  14  +5,  whose  sum  is  +  19 ;  and 
then  —  7  and  —  S,  whose  sum  is  —  9 ;  the  difference  of  19  and  9  is  10,  to  whkh  must 
be  prefixed  the  sign  of  the  greater  number  19,  which  is  +,  so  that  the  sdug^t  miB^ 
f»  +  10.     The  foUowiog  examples  will  illustrate  these  rules. 

Add  +  4    Add  4-  4'  10"  Add  —  4'  10"  Add  -  4'  10"  Add  +  1  Add  +  ^   0" 

4.3            4-25               —25               +?A                      —1  — S15 

4-1           +4  ja 

—  3  Sum  -f-  6  15  Sum  —  6    15  Sum  —  2    o  Sum     0  —  9    7 

Sum -I- 12  Sam +  4  61 

^  SuhtraeHon  is  performed  by  changing  the  sign  of  the  number  to  he  mbtraetedfirom  4-  tQ—\ 
or  from  —  to  + ;  and  then  adding  the  nvmbers  by  the  preceding  rule.  Thus  to  subtraef 
-f  3  flrom  4-  7.  the  sisn  of  +  3  must  be  changed,  and  the  numbers  —  3  and  +  7  added 
together  as  in  idgebr^  which  by  the  preceding  rule  gives  +  4 ;  and  if  it  were  required 
to  subtract  —  3  firom  7,  the  sign  of —  3  must  be  changed,  and+  3,  +  7  added  together. 
The  sum  +  10  represents  the  sought  difference.  It  is  not  usual  to  make  an  actual 
change  of  the  sign  in  any  prraosed  question,  it  being  sufficient  to  suppose  the  number 
to  be  subtracted  to  have  a  diflerent  sign  from  that  prefixed  to  it,  and  to  perform  the  op^ 
ration  accordingly.  To  illustrate  this,  the  following  examples  are  added. 
Fhv  +  4'  10"     Fro.  +  4'  10"     Fro.  —  4'  10"     Fro.  —  4'  10"     Fro.  +  1      Fro.  —  1      Fro.  4- 1 


Sob. +  3    5       Bub.— 2     5        Sob.  — 2.  S        Sub. +2    5       Sob.  —  1      Sub.  — 1       8«ik-(-> 


Re.    +25       Re.+6  15       Re.  — 26        Re.— 6  15       Re.   +3 

From       lOS  From   — 108  From       100  From    — 108 

Sob.         801  Sub.      —201  Sob.     —301  Sub.  201 


^      Rem.     —  93  Rem.    +  93  Rem.    -f  309  Rem.  —  309 

Observing  that  when  no  sign  is  annexed  to  a  quantity,  the  sign  -f-  is  alw^s  understotd 
to  be  prefixed. 

PROBLEM  I. 
To  find  ike  longitude,  latitude,  ^-c.  of  the  moon  at  any  given  time  at  Greenwkk,  Acmrig. 
regard  to  tke  unefmi  ueloeity  between  the  timet  marked  in  tke  XmitUd  JBmanae.     7As 
intervals  of  tkeu  ttaaes  being  12  hours, 

RULE. 
Take  firom  the  Nautical  Almanac  the  two  longitudes,  latitudes,  kc  next  preceding 
the  given  tune  «!  Greenwich,  and  the  two  immediately  following  it,  and  set  theai 
down  in  succession  befew  each  other,  prefixing  the  sign  +  to  the  southern  laiitudaa 
or  decUnations,  and  the  sign  ^  to  the  northern.  Subtnet  each  of  dwse  ipriDtitipa 
€i;oai  the  following  for  the  jSrrt  di/ferenees,  and  call  the  middle  teem  n^  Ai  |}mMt 

Oo(Tab.) 


572   TO  FIND  THE  LONOlTtOE,  &C.  OF  TUC  SUN,  MOON9  AND  FLANSTS. 

each  first  diiTerence  from  (he  following  for  the  second  d^erenees^  and  tsk«  Q»  U( 
sum  or  mean  of  them,  which  call  the  arch  B,  noting  the  signs  of  die  qoiBlitics  ••  ii 
al^bra. 

Find  the  difference  between  the  given  time  and  the  second  time  taken  from  Hht  If&h 
tical  Almanac,  which  call  T,  then  to  its  logarithm  add  the  log.  of  A  and  (be 


logarithm  5.36452,  the  sum  r^ecting  10  in  the  index,  will  be  the  logarithm  of  the  |n> 
forfUnud  part,*  to  which  prefix  the  sign  of  the  arch  A ;  obaerving  to  esq^ceas  aD  im 
quantities  in  seconds. 

Enter  Table  XLV.  with  the  arch  B  at  the  top  and  the  time  T  wX  the  aidant  Ofpaii 
to  this  will  be  the  correction  of  second  differences,  to  which  prefix  a  d^ermU  i%i  flm 
that  of  the  arch  B,  and  place  it  under  the  proportional  part  found  above,  and  te 
quantity  taken  from  the  Nautical  Almanac,  and  connect  these  tlirae  quantities  li 
as  in  addition  in  Algebra ;  the  sum  will  be  the  sought  longttnde,  latitade,  lie.  Ileklh 
tude  or  declination  being  south  if  it  has  the  sign  -)- ;  tiortA  if  it  haa  the  a^ga  — w 

EXAMPLE  I. 

Required  the  longitudes  and  latitudes  of  the  moon,  December  18,  iSOflU  at  ISh.  Hf. 
fty  and  17h.  Im.  ^  app.  time  by  astronomical  computation  at  GreenwieB|  «liik  !■<> 
respond  to  the  immersion  and  emersion  of  Spica,  calculated  in  Probiem  VII* 


9W.  Dec 

1^  tone.  N.  A. 

D 

g     0    '    " 

tlaoon 

6    10  45  20 

12  midn. 

6    17  61  36 

IS  noon 

6    25    264 

IS  midn. 

7      2  18  69 

tfft.  di/r. 

7  6  16 
7  11  18 
7  16    6 


2d.difF. 


B=  44.64.  i 
IMMERSION. 


■J 


]>hitlt8. 

4-  2  40  58  ' 
4-2    6  87 
-|->  29  62; 
+  0  51  18  ^ 


0» 

21 
45 
S4 


Constant    &S6452t 
Sh.  48'  29"=r  1S709"        log:.  4.1S701 
7     II    18  =  25878  log.  4.412981 


4-      2     16   S2J2=  8212^         log.  3.91446 


T^  n    51   36    Second  loaHtode. 

—  31.9  Tab.  XLV.   B  =  4'  W'JA 


fiiO      7  56.3  ])*«lonptude. 


;=-S6'  46"= 


^       11    8a7: 


t*'X7 


... .     Mfiltf 

—    4jsm 

log.    SSiSii 


698J        1^.    SJM494 


«"J 


Tab.  XLV. 


4-1.55   Hi)  l^*s  latitude  sooth. 


EMERSION. 


Constant  £1^452 
T=;  5b.  I'  29"=  18089"  log.  4.25742 
A      7     11    18  =  25878  log.  4.41293 


+      « 
+6  17 


0   36.0=  10836 
61 


log.  4X»487 


36    Second  longitude. 

35.9  Table  XLV.  B=4'  54".5 


A=—    36'  45"=s— 2206' 


—     15'    33"  3 


+2    6     37    Second  latitttde. 
+  16.4  Tab.  XLV. 


r  «".5 


4-1  61    29.1  D'fl  latitude  sooth. 


16  90    61  36.1  ])*s  longitude.. 

These  quanHtiet  are  made  use  of  in  Problem  VIL 

EXAMPLE  II. 

Required  the  longitudes  and  latitudes  of  the  moon,  June  I6,  1806,  at  Sh.  4Sf  A't 
and  5h.  34'  6^\6  app.  time,  astronomical  account  at  Greenwich,  which  conaapw 
ly  to  the  beginning  and  end  of  the  total  eclipse  of  the  sun  as  obserred  at  Salem. 


1806.   Jane. 

15d.  midn. 
16      noon. 

16  midn. 

17  noon. 


11  long.  N.  A. 

g         O         »      " 

2  14  48  68 

2  22  6  19 

2  29  27  12 

3  6  50  47 


iit.<ufl: 

9  I  If 

7  17  21 

A7  20  63 

7  23  35 


2d.diir. 


4-3  32 

4-S«i 
=4^    7 


B=s 


D  lat.  N.  A. 

1st.  die 

'*1    14    6 
—0  34  18 
44     638 

-MSB 

AW-H04B 

4^55 

WW 


*  ThbmaybefoundtominatesbyTableXXX.bTenterlngitattbelopwIthbatf  clMaidk  A 
the  taUe  nctends  only  to  3«  45')  and  at  the  side  witn  the  time  T ;  the  ranlt  tImiMil  wfl  be 
Miniit  praportional  {Wit;  I 'Ut  the  table  not  bring  calculated  to  seconds,  II  Is'      ~ 


«Me3  in  calculating  ec^pies.    Thisconrection  may  alsobofiDUndby  propoitkm}  fay  wjtvaalSlaaiat 

to  the  thue  T,  so  u  the  arch  A  to  the  sought  proportional  part,  aoa  this  method  Is  the  sSrtast  wtaa  ta 

an  aliquot  part  of  IS  boors.     Thus  if  T  be  3,6or9hottrs,tliejpn»mrtional  purtwill  beit|«r|ifte 

arch  A  retpectlTely.    "lids  nieibod  is  made  use  of  In  Problem  xVlL  In  faitarp6lailnctlM4lMaMai«if*i 
moooaodsun. 

t  If  the  arch  B  consists  of  minutes  and  seconds,  the  correction  for  mtnutes,  tSM  of  1 
aaconds,  must  be  found  separately,  the  sum  of  these  three  nans  will  be  the  eourht  c 
Henal  parts  fbr  the  minutes  of  thr  time  T  may  be  taken  In  finding  Che  oomotloaof  thto  «Mb  wtaaasaP' 
tary.    10  this  rule,partoi  tbe  correction  of  third  dilfereoea  is  neglected.    Thii  pan  aerar  eaeliirwl 
of  the  third  differences,  and  rarefy  amounts  to  a  small  firaction  of  a  second. 


Tbe  ptopottiDna]  psrla  of  tbt  uch  A  wire  cahsililed  in  Ikii  ciunplc  bj  ■ritlunf  lie 
Kilhool  N^ntlmu.  Sj  obwiratiaiu  of  lb<  eclipse  OD  tbal  daj.  it  kU  tmnd  thai  (Iw 
noon'*  lOT^tude  wsi  too  great  bj  53". 5  and  her  latitude  too  great  bi  II".4.  TbCM 
coiredioiu  are  wplied  to  the  above  langitudcs  and  litiludci,  la  ctlculoling  the  cdipte 
inProUenVL 

floMT*  I.  It  will  DOt  be  Deeearar;  la  take  notice  of  tbe  lecoiul  differencei  in  eoleu- 
taliog  tbe  pualLu  or  Hmi-diametei  of  the  diood,  or  aaj  of  tbc  aobu  eleneali  lueful 
in  emulating  an  eclipse  or  occoltation.  In  ibis  taie  the  qutuititj  immedinteljr  preceding 
•nd  tMlowini  theprapmed  time  at  Greenwicli,  must  be  takio  from  tbe  NoolicBl  Alma- 
nac, and  their  difletmee  will  be  the  arch  A,  abo  the  diOereaee  between  the  proposed 
lime  and  that  taken  first  from  tbe  Nautical  Almanac  U  la  be  called  the  time  T-  Then 
bjr  proportion,  at  Ae  intenral  between  tbe  limes  taken  fraln  tbe  Nautical  AlmaiMi:  i> 
to  tbe  time  T,  so  is  the  arch  A  to  the  corrcclian  to  be  applied  to  the  brat  quafltilj  Ukcn 
from  the  Nautical  Almanac,  additive  if  increaiing,  lubtnictin  if  decreasing.  Tlui  cor- 
rection naj  abo  be  found  b;  logaritbnu  os  abore,  using  the  constant  logarithnu  5.36U1 
if  the  interrel  of  the  times  in  the  Naulii^al  Almanac  is  I S  hours,  and  5.06349  if  Uie  in- 
terral  ta  t4  baurs.  The  proportianal  part  of  the  moon's  paralhu  aod'aenii-diamelet 
nar  alM  be  found  bj  Table  XI.  and  that  of  Ibv  solar  elementi  by  TsUes  XXX.  XXXI. 
03  tangbt  in  tbe  exidanation  of  these  tables.  To  oaemplifj  this,  the  r»t  of  the  quanti- 
tici  requisite  in  oatcHlating  the  eclipse  and  occuUalian  (Fiob.  Vl.  VII.)  arc  bore  Cotind. 


EX4Mri.E  L 


n  thus  found  must  be  decreased  S"  for  infleiion,  and  lugrnented 
tij  (he  correction  T^le  XLIV.  in  calrnlatint  an  eclipse  or  occulution  bj  Problem  XUl. 
or  in  deducing  the  longitude  from  observations  by  Problems  VI.  VII.  VIII.  ur  IX. 

The  sun's  lemJ-diaDKter  by  the  Nautical  Abnansc,  June  13, 1B06,  was  1&' 46"..1  anil 
Jane  19,  1806,  was  lyla".?.  Hence  at  tbc  abote  time  it  wiu  la*  46°.),  This  in 
ecline)  of  tbe  lun  must  be  decreased  3  j"  for  irradiatiDn. 

Mtiaark  i.  The  abote  rule  for  calculatiaf  the  second  dUTeraQces  of  tbe  lunar  na- 
tiooa  where  the  interrals  b  the  Nautkal  Almanac  arc  12  faouia,  may  be  made  use  of 
wfaen  the  inlerials  are  three,  hi,  tie.  days,  (as  is  tbe  rue  with  the  clenienli  of  tbe 
Motions  of  the  pbineti)  by  taking  two  longitudes,  latitudes,  >Le.  before,  and  two  after, 
die  gireo  time  at  Cremwicb,  and  thence  deducing  the  atehra  A,  B.  and  the  langlludit, 
latitudes,  ke.  md  then  making  use  instead  of  T,  of  tbe  iiaatimt  of  tbe  diflcreiice 
belveen  tbe  girrn  time  and  that  marked  in  tbe  Naotieal  Uinonac  o^n.'rt  the  second 
longitude,  &c.  diiirled  by  ^  number  ofhalfdays  in  the  gi'cn  hitnrai.  T1iai,iflh* 
inlerial  it  one  day,  Ibe  diiiiar  a  two :  if  tbe  intenal  is  H  day*,  the  diiLior  is  6 1  and 
if  the  inten-al  is  6  days,  tbe  ditisor  ii  IS.  Thus  if  it  were  required  to  And  the  g*»- 
cenlrtr  InwitudB  of  Jnpiter  July  Hi.  13b.  3(y,  1906,  ailron.  ace  at  UrMnwicb,  the 
work  iroilld  be  11  follows. 


r>74  to  PIXD  THE  HORAmr  MOTION'S  OP  THE  SUN,  MOOlf  AXtl  PLAKEt^. 


July  7 

13 

-   19 

S5 


11  long. 
1I«.I8«»  2* 
II  17  5t) 
11  17  48 
11  17  31 


—  3* 
A— 11 
—17 


—  8 

—  6 
7 


Second  long^Undc  . 


A=— 11'  Prop,  part 
B=—  7'  Tab.  XLV. 


.    .     111.  IT*  Sf  ♦ 

—    X  a 

.    .         4-       • 

U  longrltade H    11    56  • 

In  this  example  the  time  T,  is  3h.  T  30' ,  found  by  diridiog  by  12,  Uie  iniierral  betvea 
July  13  and  July  I4d.  13h.  30".  In  general  the  eorrection  of  Table  XLV.  n^  h 
neglected  in  calculating  the  places  of  the  planets.  In  the  above  rule  the  mtervabof  tiv 
\it  which  the  longitudes,  &c.  are  marked  in  the  N.  A.  are  supposed  equal.  If  ttatriMiK 
not  be  the  case,  the  correction  Tabic  XLV.  may  be  neglected,  on  accodni  df  the  tnolik 
of  calculating  it 

PROBLEM  II. 
^0  find  the  hordry  nwtUm  of  the  imibn  in  long,  lot;  ifrc.  at  any  gitfen  time  at 

RULE. 

^Take  from  tlie  ^(auiical  Almanac  the  four  longitudes,  latitudes,  &c.  two 
fiVeeeding  the  given  time  at  Greenwich,  and  two  immediately  followii^. 
-^  to  the  southern  latitudes  or  declinations,  and  the  sign  —  to  the  nortlienk  TWafod 
the  first  and  second  diiferences,  the  Arch  B,  and  the  time  T^  aa  in  PraUcB  L  The 
mean  of  the  two  first  differences,  noticing  the  signs  as  in  algebra,  will  be  Ac 
motion  in  12  hours. 

To  the  proportional  logarithm  of  bne  fourth  part  of  the  time  T  add  the  ^ 
logarithm  of  the  arch  B,  the  sum  will  be  the  proportional  logarithm  of  the  omectifln  tf 
the.  approximate  motion,  to  be  applied  to  it  with  the  same  tign  aa  tki  ardb  B,  ind  di^ 
c<>rreeted  motion  of  the  moon  in  12  hours  will  be  obtained,^  which-divided  lij  IS  v9 
give  tile  horary  motion. 

EXAMPLE  L 

Required  the  horary  motions  of  the  moon  in  longitude  Dec.  12,  180S,  at  lA.  iS^ff 
^d  I7h.  i'  29"  app.  time  at  Greenwich. 

This  corre^onds  to  Example  I.  preceding,  in  which  T=Sh.  4Sf  29^  and  5]l  l'29^. 
The  two  first  differences  in  longitude  7"^  6"  lb''  and  T^  \V  IW* ;  their  mean  7°  9  47"  ii 
the  approximate  motion  in  12  hours,  and  the  arch  B  is  4^  54".5.  The  rest  of  tbe  cikt- 
latilDo  is  as  follows. 


At  I6h.  48'  29"  T=3h.  48'  29" 
Arcb  B    4'   54"  5  P.  L.        1.5C44 
i    T  67      7        P.  L.  4936 


Corr.+   I    33 20629 


.i^l^S.  mpL    7     8    47 
M0t.  18  boon  7  10    20 


In  t  hovr 


36    61.7 


At  17h.  r  29"  T=Sb.  1'  2r'. 
i  f  1  hu  iV  22  ''  .* .' .'  * .'  .*  * .'  \  \  F.'u    Sm 


Corr. + 


2    3 T.L.tJHIi 


Approx.  mot      7    8  47 
Mo.  12  hours       7  10  60 


In  1  hour 


36  64^ 


In  a  similar  manner,  if  the  horary  ihotiob  ill  latitude  was  required  at  12d.  ITk  tSr,^ 
two  first  d^erences  in  latitude  are  —  34"  21'',  and  —  36^  45",  their  mean  —  VfSfis 
the  approximate  motion  in  12  hours.  The  correction  foimd  by  tbe  abore  rale  wiAAt 
time  T.  6h.  33  and  the  arch  B=~2'  6".5  is  —  59'^,  whence  the  true  motion  in  Itladi 
is  —  3&  32"  which  divided  by  12  gives  the  horary  motion  —  3'  2''. 7.  The  aegatneap 
-^  indicates  that  the  north  polar  distance  is  decreasing,  the  positive  aign  +  thii  li^ 
increasing.  In  tbe  present  example  the  porth  polar  distance  waA  decteasii^  and  nlkr 
latitude  was  south,  it  was  also  decreasing,  as  is  evident 

EXAMPLE  II. 

Required  the  horary  motions  df  the  moon  in  longitude  June  16, 1S06,  at  Sh.  A^Sf-i 
and  5h^  34^  6".6  app.  time  by  astronomical  computation  at  Greenwich. 

Tfais~corresponds  to  Example  II.  preceding,  in  which  T=2h.  49'  50^.1  and  5h.  SVCi; 
tlie  two  first  differences,  are  7°  17'^21"  and  7^  20^  53^,  the  mean  of  which  7°  l?r  ii 
the  approximate  motion  in  12  hours,  the  arch  B  is  +  S'  7". 

•  Tta«  motifan  in  12  hours  thus  obtained,  which  for  disUnction  will  be  called  the  arch  M,  is 
acenratat  tlnce  the  third  and  hifrher  orders  of  differences  are  ne|^lected ;  bnt.the  horair  okK 
<tberefit>m.  Is  abundantly  sufficient  for  the  purpose  of  projecting  an  ecUpse  or  occoltatlaa.  Wbn  amm 
accuracy  is  reqjutred.  the  third  differences  may  be  uJken  into  account  in  th«  ibHowtar  mrnnrr  BsriiV 
found  the  Mosmi  dij^rthets  as  ahove  directed,  subtract  tbe  first  of  them  from  the  second,  BOCfav  the  i^ 
us  in  Algebra,  and  call  thfe  remainder  the  arch  6.  f:nter  Table  XLV.  with  this  arch  sa  theiapk  mim 
time  T  at  the  side,  and  Ulie  out  tbe  rorrespondtnf  correction  which  Is  to  be  inrriaij  hm  use  sliA  PM> 
of  the  arch  b,  without  noting  tbe  nigns.  To  the  quantity  thus  found  is  to  be  prefixed  a  lica  ii£bwa 
/nm  thmt  nftht  anh  6,  and  then  it  is  to  be  apiilied  to  the  arch  M  with  its  sign  to  btataia  Ike  trasSHte 
in  12  boors.  Thus  in  the  above  example  the  second  difhxmtet  of  longitude  are  4-  S'  2"  +4*  €T".  8^ 
tracting  the  former  frnm  tbe  titter,  leaves  the  third  difference  or  arch  b  = ...  I5".  OomeBiBAK  a 
tfato  and  tbe  Ume  T  Sb.  W  89"  in  Tabk  XLV.  is  1  ".6  whfefa  Increased  by  one  sizlb  orft=s.FSflni  *e 
imtMit  eorrectloi.  4".  I  «ir  4".  to  which  must  be  prefixed  die  sign  +  Owcanae  the  dm  of  ft  k  i  *"" 
tMtam  H  -f  4".  This  connected  with  ihe  arch  M  =  -f  7*  10'  90'  glres  the  f-^^^  ' 
V  to*  24"  whencetbe  borarr  motion  is  ay  52".  Inasimllurmannrr,fftbeCUi«< 
In  the  abovb  example  for  finding  the  iMsraiy  motion  in  tatitade,  the  two  screnrf  ilta 
--.1'  49"  tbearehft=  +  S5"tnecerrBction  of  the  motion  In  I2 hours  >- Sg*  fly*  t«  —  inr*  .^M^  a  - 
«d'4J"orTy'Jperhmir.  ^^ 


^0  TtSh  TBE  ECLIPTIC  CONJUNCTION  OV  TQE  BUS  AND  HOQN.     1^7^ 


AtSh.49'SI)"l=T. 
Archlk=+  yr'    P.t. 
iTlmeTs      4SS7      P.L. 


1.7Clfj 
£2741 


CarT«cUoo4  0  44 
ApPffOi.iBol.       fJt9  t 


P.L. 


TJSSaO 


|foLiaI2boan  7  19  51 


lfol.inl 


tB88L2 


At  5h.  34'  6"jB^T 
iTi=ah.23'*32"'p.L. 
Correction      -f  l  27     P.  L. 
.     7  19  7 
Mot.  ia  12  boon        7  SO  94 


Mot.  la  1  boor  96  42.8 

EXAMPLE  ni. 
^SMMlred  the  OHMion  of  the  moon  in  liebt  Mcmsion  to  13  boon,  rappodnf  it  to  Increnw  nnlfonnly 
with  ibe  velocity  t^  bad  July  4tb,  1808j  at  9b.  26'  app.  time  at  Greenwicb,  by  attroiiomical  compaia- 


I 


4,ald. 


ft  R.A 
»ft*.57' 


333 
241 
348 


26 
01 


A7 

7 


35 
88 


B=  4'  30" 
J  T=2h.  21  30 

Corrertioo  4*  S  32 
Approx.  mot.      7  92  0 


P.L. 
P.L. 

P.L. 


1.6021 
1015 

1.106H 


Tnie  mot  in  l2h.  7  35  32  ^  90'.22".t  io  time. 
la  tkb  cnniple  T=:9b.  26'  and  tbe  approx.  motion  la  tb«  ball  turn  of  T^  29"  and  7*  sy. 

REMARKS. 

1.  IVben  it  is  required  to  find  the  motion  of  tbe  moon  in  any  given  intenral  of  time, 
{be  motitm  In  19  hours  must  be  found  for  the  middle  of  that  intenral. 

S.  In  ffV^laHng  an  occtiltation  of  a  star  by  the  moon,  the  relatire  horary  motion  in 
longitude  ii  the  same  as  Cat  horary  motion  of  the  moon,  because  the  star  is  at  rest ;  but 
In  raHihtti^'g  a  solar  eclipse,  the  sun's  horary  motion  must  be  found  in  page  III.  of  the' 
Nautieal  Almanac,  and  subtracted  from  the  moon's  horary  motion  in  longitude,  the  re- 
mainiler  will  be  the  hmwry  motion  of  the  moon  from  the  sun  in  longitude.  Thiis  on  the 
1 6th  of  June,  1806,  the  sun's  horary  motion  was  S'  23".  1,  which  subtracted  from  .the 
horary  motions  fotmd  in  Example  H.  36'.  39^.2  and  36^.  4if'.S  leaves  the  corresponding> 
borary  motions  of  the  moon  from  the  sun  in  longitude  34'  l6".l  and  34'  19". 7. 

As  the  sun  has  no  sensible  motion  in  latitude,  the  relative  horary  motion  of  the 
moon  firom  the  sun  in  latitude,  is  the  same  as  the  true  horary  motion  of  the  moon  in 
latitude. 

3.  The  horary  motion  of  a  planet  may  be  fotind  in  a  similar  manner,  making  use 
of  the  arches  A.  B.  T.  found  as  in  Remark  2,  Problem  L  Thus  if  the  horary  motion 
of  Jupiter  was  required  July  14,  1808,  at  13h.  30*,  the  areh  B=  —T  T=3h.  T  30", 
and  the  approximate  motion  in  the  interval  6  days  is  the  half  sum  of  the  two  fint 
differences— 3'  and— 11',  namely— 7  0".    The  cor-  B=— 7'  P.  L.        1.4102 


tection  found  as  in  the  adjoining  calculation  is— 1' 
49^,  hence  the  motion  in  6  days  is— 8'  49",  whence 
the  horary  motion  is — 3",67.  The  negatiTC  sign  in-  Corr.  —  1  49 
dicates  that  the  motion  is  retrograde,  or  contrary  to 
the  order  of  the  signs :  in  this  case  the  relative  mo- 
tion of  the  moon  from  the  planet  in  longitude  would 
be  foimd  by  adding  their  horary  motions,  liecause  the 


i  T=46  52     P.  L. 


5844 


P.  L.       1.9946 


Ap.  mo.  ^70 


Motion  —  8  49  in  six  days, 
motion  of  the  moon  is  always  direct    Similar  remarks  may  be  made  in  finding  the  ho« 
fary  motion  of  the  moon  from  the  planet  in  latitude. 

PROBLEM  in. 
Ts  find  the  time  of  the  edtfMie  conjuncHon  or  opposiiion  of  the  moon  with  the  nm,  a  fUnef, 

or  a  fixed  star. 
The  time  of  the  adiptic  coi\|unction  of  the  sun  and  moon  is  the  same  as  the  time  of 
Itiew  mooB  given  for  the  meridian  of  Greenwich  in  the  first  page  of  the  month  of  the 
Nautical  Almanac.  Thus  in  January  1808,  the  ecliptic  coi\junction  is  on  the  27th  day 
ttt  tt.  9'  apparent  time  at  Greenwich.  The  times  of  the  ecliptic  coi^junction  of  the 
moon  and  those  fixed  stars  with  which  there  may  be  an  occultation,  are  also  given  in  the 
same  page,  beiu  marked  witl^  Bayer's  characters  of  reference.  The  time  of  coigunc« 
titm  u  placed  first,  then  the  characters  of  the  moon  and  star,  or  moon  and  planet. 
Thus  in  1808,  Daeember  12d.  I7h.  '^^'  ^  a  il\,  signifies  that  on  the  I2th  day  of  Decern' 
tier  at  I7h.  Sy  apparent  time  at  Greenwich,  the  moon  was  in  ecliptic  conjunction  with 
the  star  Spica,  whose  character  b  a  fll*  and  that  there  might  be  an  occultation  of  that 
star.  Also,  December  15,  1806,  5h.  53'  ])  ^  signifies  that  at  that  moment  appareiH 
thae  at  Greeowieh,  the  moon  and  Saturn  were  in  ecliptic  conjtinction,  and  there  might 
he  an  oceultation  of  that  planet  These  times  being  reckoned  according  to  astronomMal 
cmBiKitation,  and  in  calariating  them,  no  attention  is  paid  to  the  parallaxes.  The  time 
of  the  ecliptk  oppoeitioD  of  £e  sun  and  moon  is  the  same  as  at  the  time  of  fbll  mooti 
Igt^^an  tn  te  same  page  of  the  Naittkal  Almanac  Thus  the  full  moon  or  ecHptic  opptK 
aiHbn  In  Mtr,  1808;^  wiis  9d.  1%.  39^  at  Oreenwidh 


i 


tuG      TO   FIND  THE   ECLIPTIC    CONJUNCTION  OP    THE  SUN  AND   MOON* 

The  time  of  the  ecliptic  conjunction,  as  given  in  the  Nautical  Almanac,  u  eaalj 
pated  from  the  geocentric  longitudes  of  the  objects  ;  and  as  it  may  aonne timet  te  re* 
quired  to  seconds,  tbe  rule  is  here  inserted,  adapted  to  the  calculation  of  the  coiqmctiDB 
of  the  sun  and  moon,  which,  with  a  slight  modification,  will  answer  for  sny  of  tke 
planets. 

RULE. 

Take  from  the  Nautical  Almanab  the  two  longitudes  of  the  sun  and  moon  at  flieaMB 
and  midnight  preceding  the  time  of  the  coiijunction,  and  the  two  immediately  fiflov- 
ing.  Subtract  the  longitudes  of  the  sun  from  those  of  the  moon,  noting  the  sigat  at  it 
algebra,  the  remainders  will  represent  the  distaices  of  the  sun  from  the  moon  on  the 
ecliptic.  Subtract  each  of  thcitc  from  the  following  to  obtain  the  yirft  differemuM^  tad 
cadi  the  middle  term  the  arch  A,  subtract  each  of  these  difiereneea  from  the  foBoaiiig 
for  the  second  difftrtixcts.,  and  take  their  half  sum  or  mean  for  the  arch  B,  noting  the  f^ 
as  in  algebra. 

To  the  constant  logarithm  4.63548  add  the  arithmetical  complement  of  die  kj^  of 
the  arch  A  in  seconds,  and  the  log.  af  the  second  of  the  above  found  diatancei  in  se- 
conds, the  sum,  rejecting  10  in  the  index,  will  be  the  logarithm  of  the  approiunite  flhe 
of  T  in  seconds. 

With  this  time  T  at  the  side  of  Table  XLV .  and  the  arch  B  at  the  top,  find  the  cqm- 
tion  of  second  diflferences,  the  logarithm  of  which  udded  to  the  two  first  logaiithna  eied 
in  finding  T,  will,  in  rejecting  10  in  the  index,  give  the  logarithm  of  the  conecCioB  of 
the  approximate  time  V  in  seconds,  to  be  applied  to  it  with  the  swne  aign  om  the  ere4  J; 
and  the  apparent  time  of  the  coigunction  at  Greenwich,  counted  from  the  aecond  fiooa 
or  midnight,  taken  from  the  Nautical  Almanac,  will  be  obtained.  From  which  the  tSmt 
of  conjunction  under  any  other  meridian  may  be  easily  obtained,  by  adding  to  it  tht  kwr 
gitude  in  time  when  eaW,  or  subtracting  when  west. 

Remabk  I.  When  the  time  of  the  ecliptic  conjunction  of  the  moon  and  a  pltnet  if 
required,  the  longitudes  of  the  planet  must  be  found  by  Problem  I.  for  tbe  noon  aad 
midnight  immediately  preceding,  and  those  immediately  following  the  tktt  oi  tbe  con- 
Junction,  and  these  are  to  be  used  in  the  above  note  instead  of  the  ion*t  longiftndes. 
If  the  ecliptic  conjunction  of  the  moon  with  a  fixed  star  is  required,  its  longitude  mmt 
be  found  in  Table  XXXV II.  and  corrected  for  the  equation  of  the  equinoxes  and  abois* 
tion  by  Tables  XL.  XLI.  as  shown  in  the  explanation  of  those  Tables.  This  loogiti't 
it  to  be  used  instead  of  the  sun's,  in  the  above  rule. 

Remark  IL  By  the  same  rule,  the  time,  when  the  moon  is  at  any  dwtffiW^  frott  tte 
sun,  may  be  found,  by  increasing  the  sun's  longitudes  given  in  the  N.  A.  by  the  ^aaitity 
the  moon  is  supposed  to  be  distant  from  the  sun,  counted  according  to  tbe  order  of  tbe 
signs.  Then  supposing  nfictimis  sun  to  move  so  as  to  have  these  increased  laa^jtakB 
at  the  corresponding  times,  and  finding  by  the  above  rule  the  time  of  conjunction  of  Ibo 
moon  with  this  fictiotts  .nun,  which  will  be  the  sought  time  when  the  moon  is  at  the  pn" 
posed  distance  from  the  sun.  Thus,  to  find  the  time  of  the  first,  second,  or  third  4lt^ 
ter  of  the  moon,  the  »un's  longitudes  must  be  increased  3,  6,  or  9  signs  leapedbdf 
(rejecting  as  usual  12  signs  when  the  sun  exceeds  that  ^antity.)  Thus,  if  the  fii^ 
quarter  of  the  moon  which  happened  afier  midnight,  July  29,  1808,  was  required.  TW 
sun's  longitudes  increased  by  3  signs  give  the  longitudes  of  the  ;/icti«i»  sun  July  i9d.0l; 
29d.  l«h ;  30d.  Oh ;  and  30d.  12h.  respecrively,  7s.  6^  5'  44",  79.  ^34'  86",  7s.  7«  S'ST, 
nnd  7s.  7^  31'  51".  The  longitudes  of  the  moon  corresponding  are  68.  33^  49^  1)^ 
78.  0^  53'  34'',  7s.  7^  57'  30",  and  78.  15^  (f  57".  Hence  the  Ume  of  the  conjunctioerf 
the  moon  with  the  ^icttoits  sun  found  by  the  above  rule,  was  July  29d.  22h.  2r  at  Gttea- 
wich,  which  is  the  time  of  the  first  quarter  required.  In  a  similar  manner,  by  incretaig 
the  longitudes  of  a  planet  or  a  star,  the  time  may  be  found  when  the  moon  is  at  any  pn* 
posed  distance  from  it. 

EXAMPLE. 

Required  the  time  of  the  ecliptic  coigunction  of  the  sun  and  moon,  in  Jan.  18081 


1808, Jan.    I     D  Long.     ©Lone.    I    Disutnces. 

»  •»     •     "      s.   <»    •     "        °      '      " 


26d.  12b. 
27      0 

27  12 

28  0 


9  27  5«  4G— 10  5  HI  2€ 

10  4  25  2—10  fi  27  ',6 
10  10  5<>  S— 10  6  68  26 
10  17  11  41—10  7  28  55 


0    40 

-2     2    54 

37 

42    46 


4-fl    51 
+9    42 


1st  difl*. 


4>  >  If 

+  5  57  46 

L=+  5  54  SI 

5  51  oy 


n 


2(L  dilE. 


Con.«rtant  4.(^3548  

A  S»  54'  31"=  21271  log.co  :ir.         5.67221  

2di«.         2      2  54  =    7374  loff.  3.86770  Tab  XLV.  Cor.  22 '  .4  log. 

T  14976"      =  4b  9*  S6"  4.17539  CorrecUon  45"  loff.  VUOSi 

Correction  —45 


Conjunction   4    8    51   past  noon  Jan.   37,  at  Greenwich,  anparant  time,  fihkk 
agrees  nearly  with  4h.  9^  marked  in  the  Nautical  Almanac.      The  time  of  con' 
"*  The  >un*s  lonpitn^  at  inidnlerht  is  the  mean  of  the  longitmles  on  tbe  |in>ccdinf  mmI  ArikmiBf 


TOnNDTHZKCt.liniCCOMnN<JTI0.S  t»i'U£  SUN  AND  MOON.    ,  UTf 

^jLintEtnr  any  other  meridian,  u  rorcitmple  30"  W,  ii  feund  bj  subtruUiq;  Ibe  langU 
lude  9b.  from  4b.  »  51",  irhi«h  tesres  lb.  8*  SI".  U  tbo  longiluilt'  hul  been  SU«  E. 
tlie  lime  of  fonjunclbn  would  harcbcHw  6h,  ^' 51  . 

Tbe  usutt  method  of  eakulatln!;  Ih<?  ponllrucs  in  eclipwf  or  the  iun  or  oteuttalioiu, 
is  Ibal  bj  Ibe  noaa%eaaai  or  niaetielh  diarM  of  the  rvtiptk  kbovc  the  boriion.  Scit- 
[al  metbod*  have  been  pro|ra>ed  for  calrunUng  the  ■llitudu  tnd  longitudeiof  Ihiafioint, 
wfaicb  irt  required  bi  each  of  the  phoM-i.  The  folloKing,  nbicb  ■•  ui  inquwicmEnt  on 
m  in  La  Lande'a  Astronomx,  feenu  well  adDptrd  lo  Ihr  purpOH,  aince  fcvrnl 


it  gitBU 

iheiM 

f«ge'678. 


of  the  lonrilbma  are  the  aane  at  each  of  the  phwu.  wbirb  murh  ibridgct  the  olcutH- 
Lon,  uidoDtt*  '        '"     '    "  ........ 


PROBLEM  IV. 
€Hvm  ifu  t^iparml  limt  ai  Iht  fUce  if  otjmatian  couoUd  /ram  ttaim  to  noon,  acrorJiag 
la  lAe  nuDintr  if  ailrtmomtri,  IHi  nin'i  righl  auauien.  mJ  Ihr  lodVu/i  af  llu  plact,  n- 
rfucfd  on  aecaual  o/  tin  ifkirautiJ  figun  af  Vu  torU,  tjt  luttradiiig  Ike  rtJuelien  of 
UtitMdf,  TaUt  XXX  VUI.  To  find  tht  altitiuU  and  Imgitudt  of  Ifu  uonwtiivud  itgtet  ff 
tht  tcUplie. 


Add  6  boun  lo  Ihe  nini  of  the  eun'<  right  ueenuan  and  Ihn  appnrenl  time  of  obiem- 
tiira.  and  rail  Ihe  lum  tbe  time  T,  rejecting  iA  hoiin  *brn  il  eire«<l«  thnt  quantity. 
Seek  for  thu  time  in  the  column  of  hours  of  Table  XXvrt.  tupponng  Ibalnnrted  A.  lil. 
lo  be  iacreued  bj  12  boars,  is  in  Ibe  sstronomicaJ  coniputnlioa.  The  enmspoDding 
log.  co-langent  bein^  found,  ii  to  be  marked  in  tbe  Gnt  and  lecand  cohunni,  a>  in  Ihe 
following  examples. 

If  the  reduced  latilude  ii  nerth,  nibtract  it  from  90° :  if  »uM,  add  il  to  90°,  the 
sum  or  diflerence  will  be  tba  polar  ditlance.  Take  balT  of  Ibis,  and  half  the  obli- 
4uilj  of  the  ecliptic,  and  find  Uicir  diffntntt  and  lum.  Place  the  log.  co-sine  of  the 
diflereoco  in  tbe  bnt  cohuno,  its  log.  nne  in  Ibe  cerond  colunin .  The  log.  secant  of 
the  fUM  in  Ihe  first  column,  its  log.  co-*ecant  [n  the  second  coluuui,  and  its  tog.  tangent 
in  Ibe  tbtrd.  I 

The  >am  of  the  logaiilbms  in  Ihe  first  colnmj:,  rejeeUng  90  >n  Ihe  index,  will  be  lli« 
log.  tangent  of  the  arch  (J.  The  sum  of  these  in  the  second  column,  ir^ecliDg  SO  in 
the  index,  will  be  the  log.  langenl  of  the  arch  F.  Ibete  arrhca  being  Ini  Iban  IIP 
(then  Ibe  time  T  is  found  in  the  cohimn  A.  M.  otbcnriK  gmlrr.  This  rule  a  general 
citeept  in  places  situated  within  the  polar  eireles.  IVitbin  (he  norlA  polar  circle  Ibe 
eupplement  of  F  to  36l>-  insleiul  of  F,  (nuil  be  taken  .  wllbin  the  nwM  polar  circle  Ibe 
supplement  of  G  to  180-  must  lie  taken  Instead  of  G,  the  other  (erpis  remuniog  nn- 
■lt«red.  In  all  cases  tbe  longitade  of  Ibe  ooaagulmiil  is  equal  lo  Ibc  sura  of  tbe  archfa 
F,  a  Ibus  found,  and  90'.     Receding  360^  when  the  sum  exceeds  thM  quanUIy. 

Place  in  the  third  cohmm  Ibe  log.  co.^b«  of  G,  and  Ibe  log.  secant  of  F,  the  sum  nf 
the  three  Ic^ariibms  of  this  eoluDia.  rejecting  SO  in  the  Indct,  will  bo  ihe  log.  uugcnt  uf 
half  tbe  altitude  of  Ihe  Nonageaimal. 

EX-UHPLE. 

Required  tbe  altitude  and  li 
latitude  4*=  W  4' N.  June  l.-- 
computation,  when  bj  tbe  pl 
and  the  ohliqaily  of  the  ecliptic  83-  37*  43". 

Tbe  sum  of  the  Bmaienl  time,  sun's  right  ascension  and  6  boun,  rejecting  S< 
■1  9h.  43*  8".1=T.    Tbe  polar  distance  i*  47'  ST'  56",  tli  half  is  9S°  4¥  58"^  and  It 
half  oUiquitr  11°43'  54",  bence  Ibeir  diferenca  is  1*'  S'  4",  tbelr  ■ 
The  rest  of  tbe  calculation  is  as  fbUovi : 


and  lottgilude  of  (be  Nonngesimol  al 
le  15,  t%)6,  al  ««b.  b'  l^'.l  apparen 
i«  Nautical  Almanac  the  sun's  right  an 


Salem,  in  the  lednccd 


isceiMJOD  was  5b.  36'  50", 


a  33^  34-  SS".' 


Sis. 


Coil 


c»3m  ■ 


»  t?'=Tut.     KOm 


^7^     TO  FIND  THE  ALTITUHB  AND  LONGITUDE  OF  TUB  NONAQXSUIALk 

tirice  in  calculatinc  a  partial  edipee  or  occultation,  and  four  tioaes  in  a  totalt  «*  asBAr 
(clipae  or  transit,  it  will  tend  considerably  to  abridge  the  calculatiooa,  to  liaw  a  trik 
like  the  following,  containing  their  values  for  various  places,  for  the  oUiquity  tSPtfUf, 
with  the  variations  for  an  increase  of  100'  in  the  latitude  or  obliquity.  Tlie  logarillM 
A,  B,  C,  of  the  Ubie,  were  calculated  in  the  following  manner. 

In  north  latitudes  subtract  the  reduced  latitude  fVom  90^,  in  souih  htitndna  aid  Ai 
reduced  latitude  to  90°,  the  sum  or  difference  wUl  be  the  polar  diaUnce ;  take  M 
of  this  and  half  of  the  abUquity  of  the  ecUptic  11*^  43^  50^,  and  find  tlie  soi  al 
d\ffertnee.    Then 

Log.  A  is  equal  to  the  log.  co-sine  of  the  d^fff^ence  added  to  the  log.  aectat  vt  dl 
sum,  rc(>eGting  20  in  the  index. 

Log.  C  is  equal  to  the  log.  tangent  of  the  sum* 

Log.  B  is  equal  to  the  log.  tangent  of  th*  difference,  increasing  the  index  by  Ml^  fev 
the  log.  C. 

Thus  for  Salem  in  the  reduced  latitude  42^  22^  4".  the  half  polar  distanee  is 
the  half  obliquity  IF  43'  50",  the  d^ermee  199  5^8",  tho  stim  35^  3Sf  4SSr. 


Difference 12°    5'    8"    Co-sine    9.99027 

Sum .....35    32  48     Secant    10.08956 


Tnng.+lO=slUM(i 
Tuig.=C=r 


Sum  A. ••.•.«•*«.•...•  0.07983 


Die  ....B    14H0 


In  this  way  the  logarithms  may  be  found  for  places  not  included  in  the  Cable.    Ill 
changes  for  an  increase  of  100"  in  the  latitude  or  obliquity,  are  found  by 


,  operation  with  these  increased  values,  and  ascertaining  the  correnpoi^diqgchai^h 
the  Talues  of  A,  B,  C.     These  logarithms  are  given  to  six  places  or  Ogives,  Cho^jjbij 
.general  five  will  be  quite  sufficient,  since  the  latitude  and  longitude  of  the 
EPe  rarely  required  to  a  greater  degree  of  accuracy  than  10". 


Flaces. 


Albany 

Berlin 

Cambridge,  E. 

CambHdpe,  A. 

CH^oobs. 

Coinburgh 

Greenwich  obs. 

flavMBna 

Kinderbook 

Lancaster 

I«on  I.  obt. 

London 

Matches 

Oxford  obs. 

Paris 

Philadelphia 
{Richmond  obs. 

Rutland 
iSaleiQ 
:  Place  Prob.VIL 


Beduoed 

Latitude 

North. 


42  27 

52  20 

52  1 
42  12 

53  12 
55  46 
51  17 
23  3 

42  11 
38  51 
36  16 
51  19 
31  17 
51  34 
48  38 
09  45 
51  16 

43  24 
42  22 

|l9  52 


isl 

24 

28 

2 

7 

2 

28 

34 

37 

18 

fa 

29 
36 
2k 
51 
44 
56 
32 
4 
38 


0.079670 
0.061608 
0.062166 
0.080150 
0.060090 
0.055618 
0.063466 
0.1SOOOO 
0.080163 
0.084648 
0.001680 
0.063406 
0.101899 
0.062963 
0.068207 
0.084828 
0.063482 
0.077866 
0.079832 
0.12748' 


Var  A. 
+100". 


LaLObl. 

53'  91 

49  75 

49  76 

52  97 

48  73 
47  67 

49  77 
64  148 

52  98 
54  104 
56  112 

49  77 
58  125 

50  77 
50  83| 

53  104 
49  78 
52  05 
52|  98 
6&  157 


B 


9.475733 
9.324135 
a33l054 
9.478383 
a304]66 
9.333401 
9.346996 
9.607656 
9.478455 
a50l042 
9.529040 
9.345714 
91561510 
9.340586 
9.394413 
9.501872 
a346576 
a465S30 
a476637 
9.607602 


Var.  B. 
+100^'. 


Lai.Obl. 


871 


293 

618 
600 

288 
67011551 


C. 


Var.C. 
+100". 


1099 

1060 

733 


1876 


58210381 
05 


9771197 
9.773925 
a8A5S56 

aiesiofi 

a74l0ll 

9.780332 

ia009M5 

aas54ii 

a874006 

aaosoos 

9.779044 
1591  5771  a940447 

5161064  arrraoo 

45S  910 

348   687   9.87473S 


562 

312 

291 

78 


1088 
760 
731 


LiOH. 


-    +_ 


a 

a845648 
.8540IS 


2IS 


219 


500  laozitta  211 


SM 


These  logarithm?  are  calculated  for  the  obliquity  23^  Sr  40".  The  coIuouib 
JM>  represent  the  variations  of  A,  B,  C,  for  an  increase  of  100^  in  tte  ledani  bt> 
The  cohimn  061.  represents  the  variations  of  A,  B,  0,  for  an  increase  of  lOO'  ia  As 
obliquity  of  the  ecliptic.  The  signs  must  be  changed  if  the  latitude  or  obliq[eity  is  k^ 
than  that  used  in  calculating  the  table. 


EXAMPLE. 

llequired  the  Ttdues  of  A,  6,  C,  for  Salem,  when  the  obliquity  is  23^  sy'  45"  I 
Tabular  numbers  0.07983i  9.476637  ^MKi^ 

Var.  for  +  8"  Obi.  +8  —    58  +1* 

Sought  vafiies  A=0.07?«iO  B-9.476579  t^^iSHf^ 


9XND  THB  JtLTITODE  AND  LON(»ITUI>E  OF  TlUE  NOMA«£SUf AE.  579 


mdhad  of  edadaiing  the  aUihtde  and  langUude  of  the  Jihu^etmui,  hy  Vu 

preceding  Table. 

Add  together  the  son's  right  ascension,  the  apparent  time  at  the  place  of  obeenratiot, 
{counted  from  noon  to  noon)  and  6  hours,  the  sum,  rejecting  24  or  43  hours  if  greater 
than  those  quantities,  is  to  be  called  the  time  T ;  this  is  to  be  sought  for  in  the  column 
of  hours  of  Table  XXVII.  supposing  the  column  marked  A.  M.  to  be  increased  12  hours, 
«a  in  the  astronomical  computation.^  The  corresponding  log.  co>tangent,  added  to  the 
log.  A  of  the  Table,  gives  the  log.  tangent  of  the  arch  G ;  this  added  to  the  log.  B  of  tho 
TkUe,  rejecting  10  In  the  index*  will  be  the  log-tangent  of  the  arch  F ;  these  arches  be^ 
iiig  lets  than  9(P  whea  T  Is  found  in  the  column  A.  M.  otherwise  greater.^  [This  rote 
is  general,  exc»t  fai  places  situated  within  the  polar  circles,  wbMh  is  a  case  that  rerj 
mely  occurs,  within  the  noriA  polar  circle,  the  supplAment  of  F  to  360%  is  to  be  used 
instead  of  F ;  within  the  south  polar  circle,  the  supplement  of  G  to  180^,  is  to  be  taken 
iiHtead  of  G,  die  other  terms  remaining  unaltered.]  Then  the  longUude  of  the  ^onage^ 
timid  is  equal  to  the  sum  of  the  arches  F,  G,  and  90^,  neglecting  as  usual  360°  wh<p 
die  sum  exceeds  that  quantity. 

To  the  tabular  log.  C,  add  the  log.  co-sine  of  the  arch  G,  and  the  log.  secant  of  tBe- 
•ich  F,  the  sum,  r^iecting  20  in  the  index,  will  be  the  log-tangent  of  half  the  altitude 
of  the  Nonagesimal.! 

EXAMPLE  I. 

Required  the  altitudes  and  longitudes  of  the  Nonagesimal  at  Salem,  June  16, 1806^  at 
ihe  times  of  the  beginning  and  end  of  the  eclipse,  calculated  in  Problem  VL  ? 


of  the  Eclipse. 

S   38  flOO  (3)  R.  AMsntioo 
^     6  18.1  Apparent  time 

e  A  ao7fl34 


7      9    43    1.1  C04UI.       a4882C 


G  159*  42r  V  Tun. 
90  B 

BITS    40  31     TsB. 


9.56810 
9.47658 


Co4.    9.97215  0 
C  &85408 


End  of  the  Edmse. 
h.  '    " 

5  37  18.fi  0  R.  Asceittkm 
0  50  34.6  Appareat  tine 

6  A  0.07984 


T     12  37  5S.1  CkMaa.    8.78470 


4*  11'  13"  Tan. 
90  B 


8.SC454     Co>.» 
9.47668     O 


904468        Bee    lOJKBBbF       1    15  23     Tan.        8.34112    Bte. 


63    22  SlsdOB.  N.     33  59  25 

67  58  50 


Tan.    9.82883 


AMtads  Konagcs 


Required  the  altitudes  and 
mentioned  in  the  Example  of 
ImsmeTsion. 

17    20  59     0IL  AflcoMkm 


95   26 


km.  K^ 35 2853   Taa 
70  5746 


a99IS4 
a85«t3 

1OJOOO10 

9MSn 


16    57  29 
6 

T    16    18  28 


I  time 
ai2748 


kprarrai 
Co4an.    9J0098 


Altitude  Nonages 

EXAMPLE  II. 
longitudes  of  the  Nonagesimal  at  the  times  and  plae^ 

Problem  VII.? 

JSifi^ifieyt'. 

h  •  " 

17  21  12^  0  R.  Afoention 

18  10  29    Apparent  time 
6  A  ai2748 


a  4o»  ir  T' 

90 


T«n. 

B 


F    18    57  48       Tan. 


9.92846 
9ue076l 

9,59607 


149    15  53=^on.      N.  4038  46 


Co*«. 
G 

See. 

Tan. 


1002718 


9.93374 


T     17    31  41.5    Co-tan.*  9.94632 


9  8823SG    49«50'18"    Tan.     ia07370     Cofc 


90 


10J0242)  F    25    38  40 


B 

Tan. 


9.60761 


10uQ27l^ 


a6813I     Sec.       lO/MAM 


165    28  58=lon.  N.  37  17  39     T^. 


a8817$ 


AltUnile  Non^M  81  17  32  Altitndp  Nonages       74  35  18 

In  these  calculations  it  is  usual  to  take  the  sun*s  right  ascension,  and  the  apparent 
times,  to  tenths  of  a  second,  and  to  take  proportional  parts  for  the  seconds  and  tenths  in 
fiin^Ung  the  logarithms.  Thus  in  Example  I.  in  finding  the  log.  eo.  tang,  of  9h.  43^  8^.1  j 
the  nearest  logarithms  are  9.48849, 9.4SS04,  corresponding  to  the  9h.  43^  4",  and  .9h« 
43^  l^'.  These  logarithms  differ  45,  the  times  8^,  and  the  (tiflerence  between  9h.  43^  V^ 
and  9h.  43'  S^'.l,  is  4".l.  Hence  8"  ;  45  ::  4".l  :  23  the  correction  to  be  subtracts 
froiu  the  first  log.  9.48849,  (because  it  is  decreasing)  to  obtain  the  sought  log.  co-tang: 
9.48826. 

•  Thovlf  tlietUBeTis5hoan,ltnMHtheailled5h.  P.  M.  If  T  is  14  brmw,  it  mwt  be  caUed  2b.  A.  M. 
In  malting  me  of  a  cmnmon  table  ol  logarlUuns,  yoa  most  torn  the  time  T  into  degrees,  and  make  ose  Itf 
tbeloe.  eo-tanfentofltBhalf.  ^.   . 

t  TbearcbesF,  O,  are  «hCc  when  tbe  time  Tb  found  In  the  ODlomn  A  M.  otbrrwiw  e&ftor.  This  is 
casn/rememberedfromthedraMnsiancetbatalstheiintlclter  of  flCMtcMTd  A.lf.  Some  writers  hate 
not  taken  notice  ot  the  casts  of  the  ^ahies  of  F,  O,  witbln  the  polar  ctrel««. 

X  8ti4ctlf  «peaklftg,  the  onaMitjrthds  obtained  is  the  diftanee  between  the  north  pole  of  the  fcliplicaafl 
the  tenhh  of  the  piace^whiiBh,  hi  sootbernlaatodes,  and  between  the  tropics.  Is  frequently  the  sunplemyt 
«if  thealUtndeot  theNonasishad.  Thcattorelbrmbmnde  weof  tonrnptifytheraleslbrapi^ylncfhe 
fiarnUaxBs.  It  b  iamatetial  whethar  tht;  altitade  sfthe  Ifrniagtilmal,  <^  its  smj^leaseat,  Is  mads  irte  rf 
•II  Tibic  >a.iv. 


dSO   TO  hfiD  TH£  ALTITUDE  AND  LONGITUDE  OF  THE  K01VAGE8IXAL. 

PROBLEM  v. 

Giren  the  altitude  and  longitude  of  the  ^fmiagetimal ;  the  UmgUude^UHtude  mi 
td  parallax  of  the  moon,  and  the  latUude  of  the  place  of  obBervaUon^  to  fimd  Ik  wamli 
parallax  in  latitude  and  longitude, 

RULE  BY  COMMON  LOGARITHMS. 

From  the  horizontal  parallax  of  the  moon,  subtract  its  correetioA  (ma  Tttk 
XXXMIL  corresponding  to  the  latitude  of  the  place,  the  remaLUid«r,  in  ocfdtatiw 
of  a  fixed  star,  will  be  the  reduced  parallax ;  but  in  solar  eclipses  this  quantiljiitl 
be  diminished  by  the  sun's  horizontal  parallax,  8".  8*  to  obtain  the  reduced  paalln. 

To  the  losrriilim  oi  the  reduced  parallax  in  seconds,  add  the  log.  sine  of  tke  tf- 
tude  of  the  Nonagesimal,  and  the  log-  secant  of  the  moon's  true  latitudef,  Iks  ai^ 
rejecting  20  in  the  index,  will  be  a  constant  log.  From  the  mooD's  tnie  ln^itiiTTj 
increas^  by  360-  if  necessary,  subtract  the  longitude  of  the  Nonagesimal,  the  mw^ 
der  will  be  the  moon^s  distance  frotn  the  Aono^estnuil,  which  if  leas  than  189°  ii  to  It 
called  the  arch  D,  otherwise  its  supplement  to  360^  is  to  be  called  the  arch  H.  Ts  As 
constant  logarithm,  add  the  log.  sine  of  D,  the  sum,  rejecting  10  in  the  ladeit  w9  W 
the  logarithm  of  «the  approximate  parallax  in  longitude  in  seconds,  whidi  add  tt  tk 
arch  D,  then  take  the  log-sine  of  the  sum,  and  add  it  to  the  constant  logaiithBi  rqMl* 
ing  10  in  the  index,  and  the  l(^arithm  of  the  corrected  parallax  will  be  obtained.  Ilii 
wUI  in  general  be  sufficiently  exact,  but  when  great  accuracy  is  re^jguuml,  the  opentia 
may  be  again  repeated,  by  adding  the  arch  D  to  the  corrected  parallax  ;§  then  to  the  1^^ 
sine  of  the  sum  add  the  constant  logarithm,  rejecting  10  in  the  index,  and  the  logarillB 
of  the  parallax  in  longitude  P  will  be  obtained.  This  is  to  be  added  to  the  tnte  Jiw^fciliiif 
of  the  moon  when  her  distance  from  the  Nonagesimal  is  leu  than  190^,  otherwise  td^  J 
traded  to  obtain  her  apparent  longitude. 

U  the  true  latitude  of  the  moon  is  south,  prefix  the  sign  4~  to  it,  i£nerH  Che  agn  -% 
Then  to  the  logarithm  of  the  reduced  parallax  in  seconds,  add  the  log.  co-sine  of  Ik 
altitude  of  the  Nonagesimal,  and  the  log.  co-sine  of  the  moon's  apparent  latitadeYJ]  Ar 
sum,  rejecting  20  in  the  index,  will  be  the  logarithm  of  the  first  part  of  the  panDai  it 
latitude  in  seconds,  to  which  prefix  the  sign  -|~  when  the  altitude  of  the  NaoagesiHriii 
less  than  90^,  otherwise  the  sign  — ,  this  added  to  the  true  latitude  of  the  moooi  te 
regard  being  had  to  the  ^ns,  will  give  her  approxinuUe  latitude. 

To  the  logarithm  of  the  reduced  parallax  in  seconds  add  the  log.  sine  of  the  dlitifc 
.  of  the  Nonagesimal,  the  log.  sine  of  Uie  moon^s  approximate  latitude,  and  the  log.  e^ 
sine  of  the  sum  of  ttie  arches  D  and  ^  P,  the  sum,  rejecting  30  in  the  index,  wB  bslk 
logarithm  of  the  second  p/n-l  of  the  parallax  in  latitude  in  seconds,  to  which  pnis  Ai 
sign  —  when  the  arches  D  -f  4  P,  and  the  approximate  polar  distanced  are  both gniler 
or  both  less  than  90^,  otherwise  the  sign  +*  this  term  connected  with  the  appraoBik 
latitude  will  give  (he  apparent  latitnde  of  the  moon, '^*  which  will  be  south  If  H-oarth if— ^ 
The  moon's  r  ..  latitude  subtracted  from  her  apparent  latitude,  noticing  the  agni,  ai 
give  the  parallax  in  latitude, 

BY  PROPORTIONAL  LOGARITHMS.   - 

The  above  rule  will  answer  in  calculating  by  proTOrtional  logarithms,  iridk  ^ 
following  alterations.  When  the  log.  sine  occurs,  read  log.  co-secant ;  ibr  k^  <»■ 
tine  read  log.  secant;  for  log.  secant  read  log.  co-sine ^  and  for  log.  ce  tetatt  ted 


*  ThU  is  Uie  mi*iin  rakie  of  the  sun's  parallax,  and  amy  be  osed  lanead  of  dw  tme  |T— IH^i 
varies  from  8".7  to  8'  '.a    The  (rut*  lolar  {MralUx  ai  ainr  tiine  may  be  found  by  sabCractiv  tbelapriAs 
vf  the  Kuo'f  dletaace,  ^ven  In  (he  Nautical  Almanac,  from  the  \og.  of  8".S,  Incranln^  &•  laoa^^ 
when  neceMory,  the  renuiiitder  will  lie  the  loi;arUlim  of  the  Mnifht  rarsllai  in  MKnonrin 

t  Gorracted  for  ilu>  errors  of  the  iMUles^  when  Known. 

^  Thk  uim  D  +  cor.  par.  it  nearly  equal  to  D  +  P  the  apparent  distance  of  the  mooo  IhMB  tkt  Vem- 
geslmal,  to  be  made  use  of  in  Table  kLiV.  In  findinr  the  aii|rnientation  of  the  mooa*a  8.  D. 

n  In  ttlar  edipMei  tlie  upparcnt  latitude  is  so  small  that  its  log.  sine  nay  be  pat  «|nnl  to  KUKXMI.  b 
oc^atimu  you  must  calculate  the  first  part  of  tlie  parallax  in  altitude  by  approxImitioD,  mtUe^vftd 
the  tnu  latitude  instead  of  the  appnrtnt  In  the  above  rule,  and  deducing  the  ap|iro8ijnaSe  valar*  Ac 
firai  part  of  tJie  |iarallax :  thi^i  applied  to  the  tnu  laUtude  will  give  the  nppnMimait  mofmrmt  *" 
wUb  which  the  operation  is  to  be  repeated,  and  the  first  part  of  the  parallax  will  be  ohtnirimltos  i 
degree  of  exactnesfu 

^  The  apiuirent  polar  distance  is  found  by  adding  +  90*  to  tlie  iqnroximaie  lotltadtttdae  i 
bad  to  the  tisns.    To  be  perfectly  .accuratcs  the appartnt  instead  oi  the  a|iprastaMC«  latltada 
made  use  of  in  tliis  part  of  the  calculation,  and  the  logarithms  of  ttds  term  ong bi  to  be  ha 
log.  secant  lexs  rodius  of  (  P ;  but  these  corrections  are  too  sowU  wmffnA  tbe  result.    la < 
second  part  of  the  parallax  in  latiUade,  it  will  lie  sufficleat  to  take  tbe  logarhliBS  to  three 
ttf  the  decimals. 

•«  This  role  gives  the  apparent  latitude  in  all  cases,  bat  it  may  not  be  amiss  to  obatlrii^  that  la 
late  publioUoos  tbe  cases  where  the  awon  if  beti»-eeo  the  ser.Uh  and  tbe  ctetatcd  pgle  aia  tiff ' 
ii<»{;kctcd.  ^ 
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l0g.  tine.    Hie  panlk^uss  may  be  calealatedto  the  nearest  second  by  prqportiona]  loga- 
rithmt.  When  fpealer  aeeuney  is  required,  common  logarithms  most  be  aide  um  of. 

To  Unrtnte  this  rule,  the  following  enmples,  comsponding  to  the  times  of  the  bef^ 
ning  and  end  of  the  total  eclipse  of  the  son,  of  Jane  16,  1806,  as  obserred  at  Salem,  are 

f'ren.  The  elements  necessary  for  this  purpose  hare  already  been  calculated  in  Problems 
and  IV.  For  greater  accuracy  the  longitudes  and  latitudes  of  the  moon  are  corrected 
liir  the  errors — 58". B  in  longitude,  and  —  11  ".4  in  latitude,  which  were  found  by  com- 
paripg  several  obsenrations  of  the  ecHpse  made  at  different  places.    • 

EXAMPLE  I. 

GiYen  the  altitude  of  the  Nonageshnal  67^  SS'  50"',  iu  longitude  62^  SS'  31^  the 
kUKitiMle  of  the  moon  83^  49^  3".5  her  latitude  W  rT'A  N.  her  horizontal  parallax 
WtiT.lf  the  latitude  of  the  place  of  obsenration  42^  33^  30" :  required  the  parallazes 
,ui  loogitode  and  latitude  ? 

The  correction  in  Table  XXXVIIL  corresponding  to  the  latitude  42^  33' 30^,  and 
fttiliaz  60^  24".!  is  5^.6,  this  and  the  sun's  horizontal  parallax  8".8  subtracted  from 
'  the  ^'s  horizontal  parallax  60^  24^1  leaves  the  reduced  parallax  60^  ^\7==3609''.7. 
Ae  loKitudc  of  the  Nonagenmal  63°  22^  31"  subtracted  from  the  moon's  longitude 
SSP  49^  y\  letires  tiie  moon^a  dUtanee  frmn  the  J^onagesimalj  2(P  26'  32"  equal  to  the 
•refa  D,  beeanse  less  than  180°. 

Caladalum  by  eonvrum  Logtarithnis. 
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*  EXAMPLE  II. 

Given  the  iHitude  of  the  Nonagesimal  70^  5V  4^\  its  longitude  9B^  96'  36^,  the 
longitade  of  the  moon  85^  29^  32^.6,  her  latitude  15'  10".4  N.  her  horizontal  paraOaz 
60^  27^.0,  Uie  latitude  of  the  place  of  obeerration  42^  33^  30".  Required  the  parallaxes 
in  longitade  and  latitude .' 

The  correction  in  TtMe  XXXVin.  corresponding  to  the  latitude  42^  33^  SCT  and 
MraUax  60^  27",  is  5^.6,  this  and  the  sun's  horizontal  parallax  8".S,  subtracted  from 
die  moon's  horizontal  parallax  6(y  27^.0  leares  the  reduced  parallax  60^  i2''.6.  The 
longitude  of  the  Nonagesimal  95^  26^  36^,  subtracted  from  the  moon's  longitude  in* 
creased  by  36(P,  riz.  445°  29^  33^^,  leares  the  mocn's  distance  from  the  Jfonagesimd 
350°  2^  57",  the  sopplement  of  which  to  360°  is  9°  57'  3",  ecpuil  the  arch  D. 

By  proporfi'onai  Logmritkms. 
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4  S2^   or    4'  33"^  8. 
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E3L\MPL£  in. 
Requuttd  tke  pinlUxes  in  longitude  and  latitude  at  the 
Spica,  Dec.  12, 1806,  at  the  times  and  place  mentioned  in  the 

/nttiicrfioit. 
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Having  thus  explained  the  method  of  calculating  the  parallazcs  of  the  moon,  it 
ftsnains  to  give  the  rules  for  finding  the  longitude  by  eclipses  and  occultations.  Tk 
main  object  in  these  calculations  is  to  determine  from  the  obsenred  beginning  or  cnl  tf 
the  eclipse  or  occultation,  the  precise  time  of  the  ecliptic  conjunction  of  the  sua,  or  ifev 
and  moon,  free  from  the  eflects  of  parallax,  counted  on  the  meridian  of  the  pbee  of  8^ 
a^vation,  since  the  difference  of  the  times  of  conjunctioni  obtained  in  this  maimer  tt 
two  places,  will  be  their  difference  of  Ipngitude.  If  the  lunar  and  solar  tables  were  pa> 
(ectly  correct,  the  longitude  might  be  determined  by  taking  the  difference  between  the 
time  of  conjunction,  given  in  the  Nautical  Almanac,  and  that  deduced  from  the  obio^ 
nations  of  the  eclipse  or  occultation ;  but  it  is  much  more  accurate  to  compile  the 
times  deduced  from  observations  actually  made  at  the  places  for  which  the  itiffiiif  ■  ef 
longitude  is  ^opght.  There  are  two  different  methods  of  finding  the  ecliptic  i  uiijuitisi. 
according  as  the  latitude  of  the  moon  is  supposed  to  be  accurately  known  or  not  V 
the  latitude  was  given  correctly  by  the  lunar  titles,  or  was  accurately  known  by  att^r 
observations,  the  ecliptic  conjunction,  and  the  longitude  of  the  place,  might  be  dtiu 
Gained  by  each  of  the  phases  of  the  eclipse  or  occultution,  by  the  method  given  in  Pm> 
blems  VIII.  and  IX.  But  the  moon*s  latitude  not  being  generally  given  to  a  sdBeieat 
degree  of  accuracy,  it  is  usual  to  combine  together  the  observations  of  the  beginning  uA 
end  of  the  eclipse  or  occultation,  or  the  banning  and  end  of  total  darknesa  in  a  totil 
eclipse,  or  the  two  internal  contacts  of  an  annular  eclipse,  to  ascertain  the.  error  of  tte 
moon*s  latitude,  by  the  method  given  in  Problems  VI.  and  VII.  In  mifclring  t]ie  ctica* 
fijitions  in  these  Problems,  it  will  be  necessary  to  know  nearly  the  longitude  of  the  plaec^ 
In  order  to  find  the  supposed  time  at  Chreenwich,  so  i^  to  take  out  the  elements  " 
die  Nautical  Almanac :  and  if  the  longitude,  d^pduoed  from  the  obserrmliOD, 
differ  considerably,  the  operation  must  be  repeated  with  the  longitude  obtained  faf 
.operation. 


*  Tke  mooa'S  true  latitude  f*  SS*  11"  most  first  be  used,  Itt  log.  leaint  belnr  lOuOOOb,  wUdi 
the  lit  pan  par.  9*  8'.  which,  added  to  the  true  hrtitiide  of  the  moon,  givet  the  mbl  ML  niili  S*  €M" 
-^-flfwMch  Is  10.0008,  as  above.   The  oakwiartoa  tot  tSe  tneamTh  amd^  it  a  tfiifcr 


i 


T*  KiNW  -j'HK  i-AXALLAxxa  <: 


PROBLEM  VI. 


nin,  Hippowd  Bl  rest ;  F,  L,  the  nppircol  pUttea  of  Ihc  renin:  of  Ihr  mogn  u  Uk  be- 
enning  uid  end  of  the  eclip>«  retpccliitlj  ,  FD,  SC,  snil  AEL,  arc  pcrpcadiculBt  (0  DE, 
FA  panllcl  la  DE,  aad  SB  pcrpendKuLir  to  FL.  Tben  it  ii  erideDl  tlitl  FD,  LE  .'(pie> 
■eol  the  appSTEDl  Idtiludci  o(  the  mooi,  wbicfa  (UJ  below  DE  if  i«i(t,  abore  if  norU; 
■nd  6F,  SL  nprueni  llie  lunu  or  tbi  corrected  Kmi-diuncteixir  (he  nu  ind  noan, 
at  the  taeginoia;  nnd  end  of  the  eclipn  rtipectivcl;. 


RULM. 


if  Ihe  begii 


pT^T 


lubtrict  if  coil ;  the  n 


eclqiM  add  the  uliinBted  ion- 


To  the  If  parent  li 
(itude  of  (he  place  ij 

be  (he  lupposed  (iine  at  lirEemtich,  ccmipondiiig  (o  •rhich,  in  the  Nautical  Almanac, 
find,  bj  Problem  I.  (he  mooa'i  aemMl^uaeier,  horiiontal  paratlai,  longitude  and  la(itude,* 
and  the  sun's  •emi-diametrr,  loagilule  and  rigbl  uceniion  ,  alao  tbe  moon'i  horarj  no- 
lioa  bom  Uie  lun,  by  Problem  II.  betreuc  tbe  nun'*  HDi-iliaiiieter  J4"  for  irnuliation, 
and  the  rcDiaJndcr  iriU  be  hii  corrHtid  wcnMliaineler.  Dcereane  the  moon's  Hmi-dis- 
meler  S"  for  inflexioD,  and  to  the  reiLBjcuer  add  the  coneetioo  in  Table  XUV.ftheHUa 
«itl  be  the  moon'*  cBrratcd  Kmi-dtanct!;.  tmd  aba,  in  the  Naulkal  Almanac^  the 
abliquit;  of  (be  ecliptic. 

Wilb  tfacK  elementi  and  the  ipparerl  time  at  (he  plice  of  obsciT«(ion,  calculate 
Ihe  altitiidei  uid  longitudes  of  the  .\oiige«mal,  bj  Problem  IV.  tbe  parallaxe*  in 
Jongitiidc  anu  luitude,  and  (be  moon's  appir^Dilongiludei  and  latitudes,  b]  PrDMemT. 

Take  the  dilTcreiMe  between  the  rpfurmt  longitude*  of  (he  moon  at  the  begiluiing 
and  end  of  tbe  eclipie,  and  tuUnci  tberetVnm  the  diflerence  of  the  win'a  longitude^ 
at  the  game  times,  tbe  rcmKinder  «il1  be  ibe  reUtiie  motion  in  loofilude  DE  or  FA. 
The  relalite  motion  in  lalilude  .\L,  ii  found  bj  taking  the  diffienoee  of  tfar  luoon'i 
tpparenl  luitodu  at  the  beginning  uid  cod  of  the  eclipnc,  if  they  ve  both  north, 
or  both  south,  but  their  sum,  if  one  he  nonh,  the  other  uuth.  from  (lie  logatithu 
«f  FA,  iacreuing  (ho  index  bjr  10,  Hibliaci  the  logarithm  of  AL,  (he  remainder  will 
be  the  log-liuigeDt  of  (he  in^r  of  inrliw.aliot  DSB  ;  Ibis  angle  it  to  be  taken  grtateT 
thin  90-  when  the  moon's  apparent  lalilBde  FD,  at  tbe  b^innitig  of  tbe  eflipac,  ii 
grcaitr  than  nt  Ibe  end  EL,  otbcrwiae  les.]  Then  to  tbe  log.  co-iecani  of  (he  angle 
of  ioclination,  add  the  logarilbn  of  lb<  relatiTe  nation  in  longitude  FA,  Ilie  tiim, 
rejecting  10  in  tbe  index,  will  be  the  loprithm  or  (he  apparent  motion  of  tbe  moon 
FL  on  her  relutite  ortiit.     Then  in  the  tnangle  SFl,.  (he  sides  SF,  SL,  rrprtsent  the 

of  (be  eclipK,  and  (b»e  with  the  relatiie  notioD  FL,  are  giien  lo  find  (he  angle  FBB, 
(by  Case  VI.  Obi.  Tr^.)  Thus :  (o  (he  log  ar.  co,  of  FL,  add  the  lo;.  of  (ho  nun 
of  SF  and  SL.  and  the  log.  of  their  dUfereoce  tbe  dun,  reeling  10  in  thr  index,  will 
be  the  logarithm  of  the  diflerence  of  tht  HgmenU  FB,  BL ;  half  of  wbidi,  added 
tn,  and  tubuacled  from  balf  of  FI..  ndl  gi\t  (be  two  segments  FB,  BL,  tbe  g(rR(cr 
segment  being  c(in(iguoui  (o  (he  greater  nie,  whelher  SF  or  8I_  Tben  from  (he 
logarithm  of  the  Mgmint  FB,  ineieasing  :he  index  h]  10,  subtract  (be  log.  of  SF,  (be 
U  be  the  log.  line  of  lb-  ugt;  FSB,||  which  is  iln>r>  len  than  9(H: 


lie  uf  lb>  xmt  «'  diflerM  wnn.    InksluHgdM 

1)1  Uial  w  Ik- •ortrF^ !•»>•.     SUUtI)  iptall- 
Ik>  llw  Dt  ibr  tnfit  DSB  b  rmU"  at  hii  lUa 

lam  Itar  l>iil  ••  UK  ditiwn  BL  sad  6F  w« 
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the  difleraice  between  thin  and  the  angle  or  inclination  DSB,  will  be  tlw  ttmlrd  uijk 

DSF.      , 

To  the  log.  co-sine  of  the  central  angle,  add  the  Ic^.  of  the  sum  of  the  conected  iemit- 
diameters  at  the  beginning  of  the  eclipse  SF,  rejecting  10  in  the  index,  the  sum  wA  he 
the  logarithm  of  SD,  the  apparent  difl'erence  of  longitude  of  the  sun  and  mooo  at  tkt 
time.  This  is  to  be  subtracted  from  the  longitude  of  the  sun  at  the  beginning  of  fte 
eclmse,  if  the  central  angle  is  less  than  90**,  but  added  if  greater  than  90^,  the  nmor 
difierence  will  be  the  moon's  apparent  longit.ide :  to  this  must  be  adtUU  the  ■Mwn*s 


aUax  in  longitude,  when  her  distance  from  the  Nunagesimal  (found  as  in  Prohlea  ?I  ky 
subtracting  the  longitude  of  the  iNonagesimai  fron  the  moon*s  longitude,  borrowiig  310' 
when  necessary,)  is  greater  than  ISU  ,  othenTis  the  parallax  must  be  mUrmOtdi  tk 
suta  or  difference  will  be  the  moon's  true  Umgitiue  at  the  beginning  of  the  ecHnte. 

Take  the  difierence  in  seconds,  between  the  sui*s  and  moon's  tnu  longituaes  at  (k 
beginning  of  the  eclipse,  to  the  logarithm  of  wiich  add  the  arith.  com|i.  log.  if  Ihi 
moon's  horary  motion  fVom  the  sun*  in  seconds,  and  the  constant  logarithm  9L55630: 
the  sum,  rejecting  10  in  the  index,  will  be  the  logtrithm  of  the  time  tkom  the  cO^iMCfiM 
In  seeonds,  which  is  to  be  added  to  the  obserred  apparent  time  of  the  begiiBBim  rf  tht 
eclipse,  when  the  sun's  longitude  at  that  time  is  greater  than  the  moon's  tnm ' 
otherwise  subtracted ;  the  sum  or  difierence  will  be  the  apparent  time  of  the  ^ 
roigunction  of  the  sun  and  moon  at  the  place  of  ol>serTatioo.  The  difieRi 
this  and  the  time  of  conjunction  at  (ireenwich,  inferred  firom  the  Nautieal 
Problem  III.  will  be  the  longitude  of  the  place  of  obserration.  But  if  ce 
observations  have  been  made  at  different  places,  it  will  be  much  more  acemlt  to ; 
the  times  of  the  conjunction  at  each  place  by  tfae  above  rule,  and  the  dUfcienec  of  i 
times  will  be  the  difference  of  meridians,  if  it  does  not  differ  much  from  the  sif^ 
difference  of  longitude.  If  there  is  consldenble  difference,  the  operation  mmt  he  ic- 
peated,  making  use  of  the  longitude  found  by  this  operation ;  and  thns  bj  soeeesme 
operations,  the  true  longitude  may  be  obtained. 

Hie  long,  of  the  place  of  observation  being  accurately  known,  the  cmn  of  the  hiiMr 
tables  in  long,  and  latitude  may  be  easily  found.  For  the  difference  between  the  boob^ 
true  longltuck  deduced  by  the  above  method  from  the  observationa,  tnd  the  hiegtoh 
found  firom  the  Nautical  Almanac,  will  be  the  error  of  the  tables  in  longilnde.  TO  hi 
the  error  in  latitude,  add  the  log.  sine  of  the  central  angle  DSF  to  the  log.  of  the  sum  oftte 
corrected  semi-diameters  at  the  beginning  of  the  eclipse  SF,  the  sum,  rtsjectiug  10  ia  tfe 
indexs  will  be  the  logarithm  of  the  moon's  appurent  latitude  FD  at  that  time,  whieb  wfl 
be  south,  if  the  point  F  falls  below  D,  otherwiie  north.  Take  the  differeaee  bctacca 
this  and  the  moon's  apparent  latitude  found  by  Problem  V.  if  they  are  both  north, or  boik 
sooth  ;  but  their  sum,  if  one  be  north  and  the  other  south,  and  the  error  of  the  t^Mkiii 
•  latitude  will  be  obtained.! 

REMARK. 

The  above  rule  will  answer  for  dcducinf  the  longitude  IVom  the  observed 

and  end  of  the  internal  contacts  of  a  total  or  annular  eclipse.    The  differences 

reading  the  rule,  beginning  and  end  of  the  iitemal  contacts,  instead  of  be^onii^  aai 
end  of  the  eclipse,  and  taking  SF,  SL  equil  to  the  differences  of  the  coirespondiiy  sou* 
diameters,  instead  of  their  sums. 

EXAMPLE. 

At  Salem,  in  the  kititude  of  42=^  33'  30*'  N.  Isngitude  by  estimation  4h.  43^  Sf  W. 
from  Greenwich,  the  beginning  of  the  total  eclipse  of  June,  1S06,  was  observed  ti  \Si> 
SSh  6'  18".  1,  and  the  end  at  the  l6d.  Oh.  50'  34  ".6,  apparent  time»  by 
computation.     Required  the  longitude  of  the  place  of  observation  ? 

Most  of  Uie  following  elements  are  calculated  in  Problems  I.  II.  IV.  V. 


tl 


*  Wlien  the  boraiy  motion  r»rie«,  U  must  be  takra  to  rorrespood  to  the  mhUle  time 
inning  of  the  eclipse,  spd  the  conjunction  or  new  moon. 

Wlien  the  eclipue  or  occulution  is  nearly  central  or  (in  other  words)  when  FD,  EL  ws 
in  comparison  of  bF,  tlie  latitude  thus  found  cannot  be  depended  on,  as  a  small  errsr  ia  ti 
olisenrmtion,  would  produce  a  considtmble  error  in  the  faditnde.  Indeed  the  case  may  ooar 
EL  are  less  than  90',  that  it  may  bf  unrertain  whether  the  poinis  F,  L,  (all  abore  or  below  tfi 
because  tlie  error  of  the  lunar  tables  in  laUtode  may  sometiOMshe  equal  to  90".  la  thb  esse 
latitudepf  the  moon  may  be  found  (1)  By  obnenrntions  made  at  another  place  wlMffv  the 
ciiltation  was  not  so  ocntnU.  (3)  By  the  number  of  dieitt  ecHpsed,  if  it  w»t  a 
difference  of  decUn<«tion8  of  the  moon  rod  star  observed  nefore  and  after  ths  imaMralo 
By  the  meridian  attitude  of  the  muoa  observed  the  same  dsv,  whnce  K  may  befoMed 
WAS  norfh  or  pouth  of  Iter  place  given  by  the  t/AAts. 


L*  t, 
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KLEMENtB  OF  THE  ECLIPSE. 


BEGINNING. 


S 


loncteidc  W.  from  Greenwich 
Uae  at  Greenwich    . 


place  4S*  3S'  SO"— Eedo^  Tab.  XXXVHL  U'  26" 

Obttqntiy  of  the  ecUpcic    . 

P**  long,  by  N.  A— Err.  Tab.  ST  .5=Tnie  toof.   ^  Prob. 

Inm^taOe  of  the  Nonageaiinal,  bj  Prob.  IV. 

Jjl^  true  long.— Loo|r.  Nofiaeea=nH(  diaL  from  Nonages 

Thia  4i«aaoe  or  lonp.  if  freeler  ihan  180*  U  arch  D. 

Ahitndeef  Nonag^mal  Prob.  IV. 

^^  horlMiital  parailax,  by  Prob.  I.  .... 

-g^hor.  par.  r'.S-Comctkm,  Table XXXVm.  «".6 

■aifaced  parallas 

!>'•  8.  Diam.  by  N.  A.— Inflexion  2"        .... 

Add  oomcdon  Table  XLIV 

^  corrected  >emi-dian>eter  

Mr  br  M.  A.  15'  46'M~In]idktioa  9"^ 

motthm  cMieaid  semi-dianieten       .... 

*•  kanry  matioa  ia  labfilade  by  Problem  IL  Ex.  IL 

'8  ftorary  BotiaB 

horarf  mockw  fipnlte  MB* 

*B  fraUag  In  lomtode  P  

'  MV;^  ''"'C'ifl^JSzF"^  Tkbu's8".5,  by  Prob.  V. 
by  Problem  I.     .....        . 

htuilmdtt     ^  app.  not.    . 
t  riagifadii  ■  ®  ■jpp.  ■»»• 

•fMiuo70p 

B^  tnie  lat;  by  N.  A.  Prob.  I.— Error  Tab.  U".4 
P*«  app.  lal.  cor.  for  error  Tab.  ll".4  by  Frob.  V. 
%*»/mt.al  tmd^-lM.  at  krgmning  .... 


wu 


d.  b. 

16  22   6 

446 

16    2  49 

686 

42  23 

23  27 

8S49 

«8  2S 

20  26 

i      2026 

67  58 


60 
16 

16 

U 

S3 

36 

2 

S4 

19 

•4    8 

84  41 


sr= 


I8J 

33 

60.1 

aojol 

4 
48 

SI 

ss 

32 

S4.1 
14u4 

a? 

25.7 
l&S 
409 
416 
2S.A 


33.1 
16.1 
46.8 

fiOS 

a4 


16 


e50  34J6 

4  46  38 
534    6.6 

5  87  113 


85 

06 

'   SfiO 

D       9 

70 


8L= 


85 

84 

I 


—  24  27.4 
Flhs—   I  66.8 


FA 


EL=+ 
AL=-f- 


29S2.6 
26  36 

251 
67    8 
57  46 
60  27JO 
—  14.4 
60  J2j6 
16  26.41 
16.4 
16  42J 
15  42.6 
S2  3&4 
36  42J 

2  83L1 
34  10.7 
10  Quo 
19  88J6 
47  8&5 
10  42.3 

6  38.1 
64  10.2 

15  ia4 

4  32.5 
6  28.3 


As  the  apparent  htftode  at  the  befianinc  of  the  ec 
wtyondinc  to  this  example  fiUlaabore  DE,  the  pobit  L 


:lipte  b /Mrth,a«d  at  the  CMl  sooth,  the  palnlF 
below  it.    The  rest  of  the  calcofauion  b  as  fill 


FA  64'  l0".CsS880".S  lof  .  13.68648 
AL    6  283  =  88SJ  fef.    836917 


338648 


Indhwtkm  84«  14* 
iFL 


10199631    co-s.  10JOQ220 
^   iog. 


Its  arith.  coap. 


BF  +  ELs:  64' 48^.8 
DiC8F,8L 


3888 

1 


9  lof. 
9  log. 


338768 

6.41232 

338988 
0L37876 


1  91    log.    028060 


Us  half 

Brifof  FL 

Bomb 

DiC  b  leawr  sc^.  FB 

BF  Sr  28"3=P 

Angle  FSB 

Inclination 

pur.  cent.  aoff.  D6F 
8F 


S3"3  = 


085 
19S4  85 
1985  8 
1983  9 
1943  6 

84"  19* 

84  14 


lor.  1&28644 
log.    &2865e 

sine   9J«78B 


0    6  co-sin.  10.00000 
log.    &38868 

194S5     log.    3.28858 


©^s  longifade 
SD 

ft's  app.  kmg. 
p'S  par.  long. 

h'Stme  kmg. 
©'slong. 


«4»  41*   3".4 
—    38  83  3 

84      8  99  .Obyobs. 
~    19  46  .8 


83  48  58  .1 

84  41    3  .4  const  33S630 


Dur. 


3130"  3 


=    62  10    3  bg. 


3.49658 
6u68675 


D  hor.  mot.  fr  ®  34'  17".1=  2067".l  AC 

Time  fir.  coiU-    1h  31'18M=5478'M  feg.  3.73863 

Appu  ti.  obs.     15  23    6  18.1 


An.tI.eoi^. 
Oo^janct. 


Diir 


16  33  37  363  at  Salem 

16   4  19  at  Greenwich 


4  41  23.8 


Kioe  7.16270 
sine  338868 


App.  lat  FD=3".8    log.  046128 


In  finding  the  time  of  coiQanction  or  new  moon,  at  Greenwicky  41i.  19^,  in  the  Nau- 
tical Almanf,  the  looEknde  of  the  moon  was  ani^jKMed  to  be  given  correctly  \ij  the 
tiUee.  If  the  calculation  be  made  bj  Problem  111.  after  attowiog  for  the  error— 58^.5, 
tbe  result  win  be  411.  SCV  47",  wbence  tbe  difference  of  Meridianr=4h.  43f  10^.8,  which 
diiiers  80  little  from  tbe  assumed  longitude  4h.  43'  33",  that  it  will  not  be  necessary  to 
repeat  tbe  operation.  If  the  eclipse  was  observed  at  Greenwich,  the  time  of  coqjunc- 
tion  ought  to  be  deCwrmined  thereby,  in  a  similar  manner  to  the  above  calculations ;  or 
by  those  of  Problem  Vin.  If  only  one  of  the  phases  is  observed :  by  this  means  the 
ctrbrs  of  the  taUes  will  be  wholly  avoided.    If  the  eclipse  was  not  observed  at  Green- 

•  Thb  horary  aMtkm  toerrases  fimn  34'  l6".l  to  34'  19".7  or  S"3,  daring  the  edipK  2h  44'  16"3, 
whkhbl"32  per  hoar.  KowUwecUpticeoiijanction^ortimeof  new  ■eonat8rseMriehby|hs  N.A. 
was4b.l8'erFaiher4h.flr«r%eormpoadingiD23h.8r  16  "  at  Baieai,  which  b  ih.  SO- 5r^  after  the 
bcglaataig  of  the  ecHpse:  aaAthe  faMmar  of  ibe  honrr  uMtion  in  half  that  Une  b  I",  wUeh^Med  to 
94' I6".i,  givci  the  horary  BBCiaa  34'  r7".l,  correspondhig  to  the  middbtinM  between  the  begtaniagot 
theerUp^aodcoiOaBCtion.   Tfab  based  In  calcolBUBg  ike  correct  thne  of  ceidnicchm. 
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/ 
trkh,  the  observation*  at  any  other  place  whose  longitude  is  knoim  mi^t  be  Bade  vsb 
otf  and  thus  the  difference  of  meridians  accurately  obtained. 

The  moon*s  true  longitude  deduced  from  the  above  observation,  is  83^  48*  53^.1 ;  ly 
the  N.  A.  it  is  83^  50'  2''.0,  the  difference— feS".9  would  be  the  error  of  the  tabks  tf 
this  observation,  if  the  assumed  longitude  4h.  4y  32'  and  the  solar  tables  were  eon«L 
By  repeating  the  operation  with  the  assumed  longitude  4h.  43^  10^.8  the  eiror  W^.9 
would  be  reduced  to  nearly  the  estimated  value  dii'^.d. 

The  eclipse  was  so  nearly  central  at  Salem,  that  a  variation  of  a  oiinate  in  the  aooi^ 
latitude,  would  hardly  alter  the  times,  or  duration  of  the  eclipse  ,  so  that  the  htitafe 
could  not  be  determined  by  the  above  observations  to  any  considerable  degree  of  i 
racy.  From  this  causQ»it  happens  that  the  app.  latitude  at  the  t>eginniiig  of  the  cc 
u  by  the  above  calculation  2''.9  instead  of  1'  o5''.8,  as  found  by  allowing  the  i 
11''. 4,  deduced  from  other  observations  made  where  the  eclipse  was  not  so  ncariy^ 
tral,  and  by  the  limits  of  the  shadow  of  total  darkness.. 

PROBLEM  VII. 
Given  the  latitude  qJ  the  plaee,  and  the  appartiU  times  of  the  hegmnmg  and  emd  efm  < 

latum  of  a  fixed  $tar  by  the  moon,  to  find  the  longitude  of  the  plaee  ^  ofttrrwfisa. 

In  the  following  rule  reference  wUl  be  made  to  fig.  13,  Plate  XII.  in  which  DSEiC- 
presents  a  parallel  to  the  ecliptic  patting  through  the  place  of  the  star  S ;  SF,  SL  As 
corrected  semi-diameters  of  the  moon  at  the  banning  and  end  of  the  oocultatioa;  OF, 
EL  the  differences  between  the  apparent  latitudes  of  the  moon  and  the  star,  whea  sf  |li 
same  name,  or  their  sums  when  of  different  names ;  either  of  these  lines  &IKag  ~ 
DE  if  the  moon's  apparent  latitade  is  more  southerly  than  that  of  the  star, 
above. 

RULE. 

To  the  apparent  times  of  the  beginning  and  end  of  the  occnltation  add  the 
loiufitudc  of  the  place  in  time  if  it  is  west,  but  subtract  if  east ;  the  sum  or  t 
will  be  the  supposed  time  at  Greenwich,  corresponding  to  which,  ia  the  Naatkai  iS^ 
manac,  find  by  Problem  I.  the  moon^s  semi-diameter,  horizontal  paraUaz,  hwgitiide  ail 
latitude,*  and  the  sun's  right  ascension  ;  also  the  moon's  horary  motion  by  FfoMen  IL 
and  the  true  longitude  and  latitude  of  the  fixed  star,  by  Table  XXXVIi.  eomcted  hr 
aberration  and  equation  of  equinoxes  by  Tables  XL.  XLI.  Find  also  in  the  N.  A*  tkt 
obliquity  of  the  ecliptic.  To  the  moon's  semi-diameter,  add  the  correction  in  TWUi 
XLIV.f  and  from  the  siun  subtract  the  inflection  2'',  the  remainder  will  be  her 
aemi-diameter.    With  these  elements  and  the  apparent  times  at  the  place  of  i 


calculate  the  altitudes  and  longitudes  of  the  Nonagcsimal,  by  Problem  IV.  and  the  mnl* 
laxcs  in  longitude  and  latitude,  and  the  moon's  apparent  longitudes  and  litilaHS  If 
Problem  V. 

Take  the  difference  between  the  apparent  longitudes  of  the  moon  at  the  begMiC 
and  end  of  the  occultation,  which  wUl  be  the  moon's  apparent  motion  in  longitade,  te 
logarithm  of  which,  in  seconds,  being  added  to  the  log.  co-sine  of  the  mea»l  of  tkt 
apparent  latitudes  of  the  moon  at  the  beginning  and  end  of  the  occultation,  reijectiHll 
in  the  index,  will  be  the  logarithm  of  the  motion  of  the  moon  on  the  parallel  FA.  ni 
relative  motion  in  latitude  AL,  is  found  by  taking  the  difference  of  the  moon's 
latitudes  at  the  beginning  and  end  of  the  eclipse  if  they  are  both  north  or  both 
but  their  sum  if  one  be  north  and  the  other  south.  From  the  logarithm  of  FA,  i 
ing  the  index  by  10,  subtract  the  lo^;arithm  of  AL,  the  remainder  will  be  the  log.  taqpit 
of  the  angle  of  incUnation  DSB;  this  angle  is  to  be  taken  greater  than  90^  wh»  tht  tf- 
ibrence  of  the  moon's  and  star's  apparent  latitudes  at  the  beginning  of  the  oecaHitiw 
FD  is  greater  than  at  the  end  EL,  otherwise  less.§  Then  to  the  log.  co-secant  sf  Ik 
angle  of  inclination,  add  the  logarithm  of  the  relative  motion  FA,  the  sum,  rejectiMl> 
in  the  index,  will  be  the  Imrithm  of  the  apparent  motion  of  the  moon  in  her  oiW  FL 

Then  in  the  triangle  SFL,  the  sides  SF,  FL  (representing  the  corrected  ttmSk 
meters  of  the  moon  at  the  immersion  and  emersion,)  and  the  relative  motion  FL  tft 
given  to  find  the  angle  FSB  (by  Case  VL  Oblique  Trig.)  Thus:  to  the  log.  v.cs. 
of  FL,  add  the  log.  of  the  sum  of  SF  and  SL,  and  the  log.  of  their  diffemicc,  tte 

*  Oorrected  for  the  srron  of  the  tables  in  longitude  and  latitude,  when  known. 

t  Thto  correction  must  be  found  after  the  altitude  and  loneitnde  of  the  nonafTMlmal  are  i  all  alsliil 

t  The  mean  latUade  is  half  the  tam  of  the  two  latitudes  if  they  are  of  the  same  niMM\  bat  UNir  laV 
diffinvDcefif  of  different  name^  In  solar  edipses,  the  onrreetion  for  the  m$mi  latitude  of  the  Msas  « 
negle^ed  as  too  small  tnbe  taken  notice  of,  the  distance  FA  be\ng  taken  equal  fi>  the  dMftwce  of  tafi' 
tude  DE  (fie.  12,  P.  XIL) 

&  This  rule  is  equally  tmt  whether  the  pcdnts  F,  L  fisU  on  the  same  or  on  diflVmu  sidea  «f  thsBs* 
DE.    If  DF,  EL  are  equal,  and  the  points  F.  L  (all  on  the  sane  side  of  DE,  the  anele  I>SB  wUl  be  «*■ 

poinu  f«ll  on  different  sides  of  the  line  DE,  the  anrk)  D$B  tmf  hs  O^t* 


If  they  ibe  equal,  and  those  .  -.     -- ^ 

acute  or  obtuse.    In  strictness  when  the  pdints  F,  L  fidl  on  diflWent  sides  of  DB,  tlie  aaint  USB  i 

FD         .  KL 

et^ler  w  less  than  PO',  aectffdlBg  ai  the  cfttantlty  ^  is  grtatcr  Or  tesi  tfaaa  . — 

SF  SL 


<r  Ihe    t^lQlCDl 


HI  nsa  Tiib  LoxuiTtitK 


■  "II,  rrjpMiii-  10  III  iho-iiKlex,  will  bo-thc  log.  of  Ihe  differenM  o. ~, 

Ul.  i  liBirofirhicliBijilnlto,  WKliulrtt>cledfh)mlMirerFL,«iIlgi<i;Uieli 

fU.  BI.,  Ihe  gnsicr  Mginenl  bran;  enntipMUii  10  Ok  gmlnr  jWc,  nhcUier  SF"oi 

llicn  from  thn  tngnrithm  o{  Uie  Kgnicnl  TB,  incrcuini  its  jmlci  b*  10,  tublmcl  Ibe 

lo^■:Lr>Itlln  u(  SF,  tlie  rEtauDikt  will  be  Uic  log.  *inc  of  Ibe  angle  FSU.y  wbkb  ii  ilwaji 

Icit  tliiti  W-.     Tlie  diffirtaci  bctwicii  thii  wid  Iho  angk  ol'  toclinDtino  DSB,  wiU  be 

ibefnKnJan^eDSF. 

To  the  li^.  cD-iinc  or  ihc  raatnl  angle,  ndil  Die  li^intbia  of  the  moon'*  nrreelid  ■ 
wmkliaDiclar  ■!  the  bnniersiati  Sf,  Dnd  the  log.  tcauil  o(  the  utar'a  IstitBdc,  Iho  Mffl, 
lejecling  30  in  the  indui.  Hill  ba  the  logmrilhia  of  the  eiiinrenl  liiflereuot  of  louciUide 
of  the  mooa  aad  slat  it  thn  time.  This  b  to  be  nWr.u.»if  Ihm  the  Irm  lungimilc  of 
the  itar,  iftbe  centnU  angle  ii  len  IbiD  9(F,  but  added,  U'grcfttcr  tbui  ttl'-,  the  mm  or 
(tilfereTiceniUbethemoan'9n;>pa»HllaTigiIude:  to  Ihii  nnui  be  oAIfi/ the  iiiuuii->  paral- 
lu  in  longilude,  when  her  distanre  from  Ibe  NonBgeiuiuil  (fcHind  a*  iu  Pruljem  V.  Iiy 
subtnctio;  the  longitude  of  tlic  Noo.igcsiniil  fmm  Ihe  moon's  I'jii-iiinic,  imrruii-ir::  7,liu^ 
■•lien  necesnaij)  i*  gnaler  than  1*1-,  olhonrije  tba  p«rall..\     "  .  i.kr- 

•um  or  diflercnce  will  be  Ihe  diood'i  Mu  lot^fMc  at  the  t"  .  i  i.i,. 

Tike  (be  ilifference  in  •econds  between  Ibe  true  longitude^  <  ut 

Ihe  beginiiinj  of  the  occdlatiari,  to  the  logarithm  of  which.    '  .np. 

log.  of  Uie  moon'i  horari  motiool  in  lecondi,  and  the  cari!>(  ui:  ..  n,.- 

tam,  Rjecling  10  b  Ihe  Index,  will  be  the  logiirithm  of  the  limF  fium  Ihr  roii,,ii[i^lio'i.  in 
wcondi,  whtcb  is  to  be  mUtd  lo  the  olHerxd  ajipirenl  time  of  the  beginning  of  Uic 
occultaUon,  when  Ibe  atnr'i  lon^ilude  jj  greater  tiias  tbe  noon'*  true  longitude  at  Uiti 
time.  otherwiM  iiMratteil ;  the  auin,  or  difierente,  will  be  the  ■pparent  time  of  the  Cnie 
ecliptic  conjunclion  of  the  alar  and  mooa  at  the  place  of  otnervalion.  The  difference 
l-ciwwD  (his  and  the  line  of  conjundion,  in&ired  from  tbe  NautinJ  Almatiie  bjr 
Problem  111.  for  tbe  meridkn  orGreeawieh,  will  l>e  the  lougitude  of  tbe  place.  If  c«r- 
ri>]pondingo!nemtioni  be  niajlc  u  dillereDl  place*,  it  nil!  be  much  more  acearvlo  to 
deduce  from  them  the  time  areanjuoclion  st  each  plue,  and  take  tbe  diHcmnee  of  thoie 
tiiaea  for  the  diflennee  of  meridians,  if  it  does  notdiflet  maeh  from  the  mpposed  difliii^ 
cnce  of  longiiude.  If  Ihefs  is  cantiderablt  difference,  the  operation  mint  be  repeated, 
mukiog  use  of  Ihe  leojUude  fouud  by  this  openitiDn ;  and  thus  bj  lUCCCssiFt  opera- 


btiilet  in  laL  uid  ]rin~.  miv  be  easily  found, 
truf  longiitude,  deduced  from  the  obiprvnlioni  bf  the  abate  method,  and  the  InngUode 
bund  from  the  Nanticnl  .\lmiinae.  will  bo  the  error  of  the  tables  in  laniiiude.  To  And 
■he  error  In  lalitodc  proceed  thus :  To  Ifae  log.  sine  of  tbe  rmtrai  anj^e  D8F,  add  the 
loeariihm  of  tbe  corrected  lenii-diaineler  of  Ihe  moon  tl  the  immennoa  6F,  Ibc  nim, 
re  cE^ting  10  in  Uie  index,  will  be  tlM  loganthm  of  Ibe  appuent  diArenee  of  Ulilude  of 
I  >'  moon  and  aUr,  which  added  to  the  titui  latilnda  of  Ihe  )tu,  with  &t  uge  +  if  Ilut 
ml  F  tailibtUnB  the  line  OF^  but  with  the  sign  —  ilntnut,  will  git e  the  apparenl  kti- 
I'lr  of  the  moon  It  tbat  time,  tbe  dilTereiice  between  Ihia  and  the  appnrcnl  lalituda 
luiind  b;  Prohlem  V.  wiQ  be  the  error  of  the  lalitra,  alwnyi  auppoaing  Ihe  >ign  +  lo  be 
prr^ied  (o  tanlATn  bliludes,  the  aign  —  lo  nortlurn,  and  BOtiitg  the  aipu  as  lo  ^gthra.  * 
REMARK. 
In  Ihe  two  preceding  Prohb-m*  the  time  of  the  true  coi^unriion  i*  calculated  b;  means 
of  tbe  Irlaugjo  SFD,  but  it  will  hfjiwful  for  Ihe  ptirpOK  of  irrii'.ciiucin,  t^  gu  over  Ihr 
cilculslion  bj  means  of  the  triangle  SLB.     The  proceis  t'    :i  i      i  :iiii 

methods.    The  dilferenceaeoasiat  in  finding  the  angle  LSB  I'. 

of  SL  from  tbe  logarithm  of  I.B,  increasing  its  index  bj-  lo.  i., 

loE.  alne  of  tbe  acute  angle  L5B,  which,  ^itd  lo  the  anglt  i^ 

llffOR)  wilt  file  the  ceitfrofm^  DSL,  with  which  and  the  <%  :  i  ,- 

lo  Ihe  end  of  Ibc  eclipse  or  occtillation.  may  bo  founil  Ihe  ap;)arcrj1  Hiff.  itf  1oii;;iLU'lc  be- 
tween Ihe  )nn  and  moon,  and  moon  and  alar ;  this  i^  to  be  added  to  the  laD{n'"dr  nf  Ifae 
aim  or  tlAr  at  that  lime,  if  Ihe  central  angle  exceed  SO',  othenriie  aubtruic'l.  the  mun 
or  diff'tr-nce  mil  be  the  nppTrf'nl  Irineitode  of  the  mooa  correapODiling,  frum  which  Ihe 

'■■"'  "'  '■'-  "■<:■■"-  - -— ■■- •^.  i.r  oblainol  as  belbn.    Tf  th*  central  angle  exceed 

I    i  ,  ..^  of  IhU  angk  abo<F  l^O^  mast  be  found  inatead 
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TO   FIND   THE   LONGITUDE    BV   AN   OCCULTATIOA*. 


EXAMPLE. 

Suppose  in  a  place  in  the  latitude  of  20"  0'  N.  longitude  Hi.  Dm.  Os.  east  of  Greenwicb  by  eitiaiMai. 
the  oceuUaUon  or  Spica  by  the  Moon  on  Dec.  t2, 1308.  was  ob<i«rvetl ;  the  imnierakm  at  I6h.  Sff  29",cmn 
sion  at  18h.  10'  29",  apparent  time  t>y  abtronomtcal  computatiuu.  Requirr*d  ibe  longUudc  oftha  plHerf 
obiervation  ? 

Most  of  the  dement*  in  the  following  Table  are  calciilati^  by  Pr»bleni!<  1. 11.  and  VI. 

EMEKSiOIf. 

"""dnc — 


KLKMEMT8  OF  THK  OCCULTATiON. 


IMMKRSIOX    I 


22' 


Apparent  times  of  obaervation 

Estimated  longitwle  E.  from  Greenwich 

Suppoved  time  at  Greenwich    .... 

(fy»  rlffht  ascension  

UL  ofplace  20»  O'— Reduc.  Tab.  XXXVIII.  T 

Obilqui^  of  tt>e  ecliptic 

B's  funp.  by  N.  A Prob.  L 

Longitude  of  the  Nonagesimal,  by  Prob.  IV. 
'sToof;. — Long.  Nonagea=b's  dist.  from  Nonages 
his  distance  or  lis  snpp.  to  3§0*  is  arch  D. 

Altitude  of  Nonatj^oial  Prob.  IV.  ... 

A*i  borixontal  pvallax 

—Reduction,  lable  XXXVni 


^ 


Rfldaced  parallax 

^'s  8.  Diara.  by  N.  A.~Inflcxlon  2" 
id  correcUon  Table  XLIV 

*8  corrected  semi-diameter  .... 

*s  horary  motion  in  longitude  by  Problem  11.  Ex.  I*. 
*%  parallax  in  longitude  .  *     . 

's  apparent  longitude 

fiUTerence  of  ^"i  app.  lonjgltadcs 

ft's  true  lat.  by  N.  A.  Prob.  I. 

n's  parallax  in  latitude     . 

n's  apparent  latitude  South 

:|e»B  ir.  lat.=  lau  T.  XXXVH.  2«  2'  15" J9.  S.— T.  XLI.  0".e 

OUtbrence  p  s^f  app.  tat. 

Dlfl^renoe  of  p  's  app.  latitudes 

h|c  •»  IT.  loMr.=Long.  Tab.  XXXVIl.  20l»  10'  29".3+Tub.  I 
I    XL.  ir'3— Tab.  XLf.  10 '.1.         .        .  •  ) 

The  dUTerence  of  the  apparent  latitudes  of  the  M0..11  a.  d  8ta 


South 


d. 
12 


b. 
16 
1 
12  1.5 


SF 


57  29 
9    0 
48  29 
17  20  5910 
19'*52  St" 
23  27  39 
200    7  5P.3 
149  15  55 
50  52     I 
50  52    1 
81   17  32 
59  52.3 
1.4 

59  soa 

16  16.9 

10.4 

16  27.3 

35  51.7 

46  25 
200  54  21.3 


2 

S 


F0= 


55  11.0 

ioaB.6 

5  3A6 
2  I8.S 
321 


201  10  aa? 


6L 


12  It  10  »  I 

1  8  0 ; 

12  17    1  »  • 

17  21  I2i 

I 
•     /    ft  j 

900  5l&l> 

165  21  »  j 

S5  2iai  I 

S5St»  i 

74  25  U  ; 

u. 
18  ni 

lu; 

SM  I 

aDissaU' 

1  51  2».l| 

n».4| 
s  9  79 

3    SlASi 

6M2 
9  399 

I 


Hm  difference  of  the  apparent  latitudes  of  the  Mo.  >ii  ad  Star  ai  the  beginniaf  of  the 
3'  2I".3  be^  less  than  at  the  end  6'  54".2  the  anele  of  incllnatioa  is  less  than  (O-*.    U  Ikte  l^ 
moon's  UtUnde  is  more  southerly  than  the  star's,  heuce  the  points  F,  L,  fall  below  tiM  ttae  DE. 
BUT  app.  long.     D    31'    8  "  8=i8ti8".8        log.  3.27156 

D's  mean  app.  Ut        2    7  21  cos.  9.y9970 


Distance  FA 
y*  diff.  lat  AL=3  32.9=212  ^ 


IncUnatlon 


83«  90* 


Apparent  motion  FL 

Its  arilh.  comp. 

SF  +  8L         =33  53.1  = 

Diff.  SF,  8L 


Diff.  segments 

Its  half 
Half 


FL 

FB 

SF 

FSB 


1879  .6 

1978  .1 
3.5 

n  .7 

1  .8 
999.8 

936  .0 
987  .3 


Inclination 


Diff.  is  cent,  angle 
Star's  lau 


7l«  49' 
83    30 

11     41 

SF 

2»  2" 


13' 


Diff.  app.  kmg.   ^  ^967  ".5=16    7.5 
)|e  longitude  201  lO  30.7 


|*s  app.  long, 
p'spar.  long. 

^*s  true  long. 
Diff.  true  long. 
])*s  hor.  mot. 

Time 

iBimerilon 

Conjunction 
CoDjunctioB 

Diff.  of  meridians 


200  54  2S.2 
—  46  25 

200  7  58.2 
3752A=  1  2  32.5 
2153.5         35  53.5 


log. 
log. 

tan. 


lo{*. 

lijg. 

log. 


lop. 
log. 

sine 


ro-sine 

log. 

sec. 

log. 
bv  ob5. 


const, 
lop. 


13.27126 
2.3^18 

10.91308 


G.72594 
3.29625 
a54407 

0.56G26 


2.07220 
2.99445 

9.97775 


9.93091 

290445 

10.00027 

2.9fto63 


SJIUI 


co-wcant 


3.55630 
S.5743tf 


6273 


1  44  33 
16  57  29 


log^O^ar.  6.66686 
log.  3.79748 


18  42    2  at  place  of  obnerra- 
17  33    0      tlon  at  Greenwich. 


1    9    2 


>11>C 


2MMi 


FD  1 99"  .9= 
He  lat. 

P's  ap.  lat. 
^'s  ap.  hit. 


3  19-il  Um. 
2    3  13  .3 


2    6  33  .2  by  ohs. 
2    A  34  j6h!y  N.A 


Error  Tab. 
Ian. 
Ion. 


D'str. 
('str. 

Error  Tab. 


—    I  .4  in  tot 
200    7  58  .2  hr  oh?- 
200    7  56.3hfyN.A 


*  The  mooB^s  hxtn^f  mo^n'nffxca  Trook  ^'  &V".7  to  35'  54".2  daring  the  occnlCatfcML 
middle  time  UK  49^  45"  between  xVve  VowncnVKi  \^.  ^'  *3Gi'  «x«\  ^Sm  ^no^^sadLbni  iMl 
from  the  Nautical  AlTnanac")  \\\«\tfxr«n}  TMA\<m'Via&  VJ  %&"  Jbtc%.  \i.  c»j!^  SnroxA  v*  1 
to  tfamt  in  the  £iunp\e  of  P 1  uVV  m  \  V. 


Tlic  diSarcncr  of  mcridisna  dcdooeil  tmm  tie  oluenalion  lb.  V  S"  (tiflcn  bat  a 
ii.'iM  Did  hmuidhI  qiUDtiiy  Ik.  V  0".  If  ihe  (lidireiice  bad  been  eunaidcnibk,  ii 
HouM  bore  been  neceimry  Is  repeat  Ibe  openlion  n>ilb  Ihp  lUifenuM  of  meridJBni 
■  )>uflnJcul>lrd,  nnil  M  on  lilllhc  BMUined  anil  Mltubittd  lonBliiiln  ^ree.  ncerron 
vC  Ihe  (abJoi  ilwic  found  vere  deduced  u|hiii  the  Biiiipanitiori  thml  Um!  abwrvpiioaa 
were  ■rliullj'  nade  al  the  place  mentioned  in  Ibis  ciunplc,  and  Ibat  the  tnn  Inogiluila 
or  the  plnw  of  obienation  wm  Ih.  V  U".  Fur  it  mu>l  be  uhsemid,  Ihnl  the  crroTs  of 
til*  table*  in  longitude  e«nnal  be  Tuund  bj  on  obMrvalioii  of  an  orlipK  or  occuititioa 
nitboul  kncming  by  other  obaervalioni  Ihe  prcciae  longiltidB  of  Uie  pket  of  ob«m- 
tioa.  Tbiii]  cTidcnt  ]/j  obsferring,  thai  bj  repeating  Ihe  operalion  till  Ibn  aininwit  anil 
ealculaled  loiigilude  of  Ihe  place  u£  obKrvaliOD  ^ree  with  each  slhcr,  the  long,  of  the 
DiiHm,  deduced  froni  the  cakulaliaa,  will  ngice  alto  with  Ihe  kingituda  by  the  lublu. 
The  time  of  coitjunctlan  at  Ureenwicli  ITh.  33'  0"  liken  from  the  Naulkid  Almanac,  e 
liaUe  lo  a  nuall  errnr  (him  Ihe  incorrectaew  of  the  tables.  To  obviate  Ihis  error  it  will 
be  neceHary  lo  deduee  (trj  the  ahoie  method  or  1^  Problcni  IX.  when  only  the  bt^n- 
ning  or  end  i«  observed)  the  linie  or  coiijjncliun  fi^m  obiertatiens  acliidly  mail?  al 
l\>a  pIscBi,  the  dlHereDce  of  tbeiv  limes  will  be  Ibe  dillGrenec  of  meridians  froe  from 
(br  errun  of  the  tnblei. 

PROBLEM  VIII. 

TafinJ  tki  tangaaJt  ef  a  plan  Ay  an  rdipje  »/  IjU'iwi  in( 
II  aJunrcJ,  Ik/  apparmi  tbnr  tting  ttUnuiWd  from  tarn  U  i 
'  \t  UUtate  »f  Ihi  jiatr  hritig  ain  tattan. 


M.  (hi  lum  or  lUfytna 


fnTmn  Ilia  Nmideiil  Aloui^r 


ic^Bniag  df  Uw  luul  cf  llpstof  Jfiii*»  1>H**i 
nerni  ibov  luarlieil  lo  tuUcL    T^  rvM  irf  Lbe 
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Sum  s«>nii-<lUm.    0     ])        92  23"^ 
])  Api>.  lat.  I  55  .8 

Sum  54   19  .Jl 

Difl*.  ao  ir?  .7 


Half  sum  Arch    C2  20 

0  Longitude  84  41    3  .4 


P.  L. 
P.  L. 

a7l?T 
a77l6 

Sum 

J.49J2 

P.  L 

74o6 

I 

I 


App.  lonir* 
Par.  loug. 


i;4 

8  4S 

A 

— 

19  4b 

.8 

8:j 

48  56  ^ 

\A 

41   a 

.4 

True  long:.  8;j  48  56  ^ 

Triiolonir.  '.4  41      «    4  ConS.  loff.  0.t..I 


I)  True  long. 

Difference  •'i-    *'   »  **•  L-  0.53£:> 

J)  Uor.  inou  fr.  0  01  17  .1  A  Co.  P.  U     ^.'^^-'^ 

Time  from  corU.  lh.3i'lS"  PL.  0^^5J 

ApiJ.  time  obi.  l^i  '^    *^   »3 

App.  con^.  Rulf-m         15  23  .37  SI 
A|)i».couj.Grt<"n.        liJ    4  10      by  >.  A- 

Diffl  MeriA.  4  41  'J9 

I?  we  (nipuo&«  the  Urae  of  conjvu»<"lion  at  Gretnwirli  lo  \ie  1h.  20'  47*  ,  b&  e«Iciilated  in  iLe  fVkCJfk 
Problem  VI.  the  difference  «if  uierioiau*  would  l)e  4li.  43  il>  '..•»prreing  otarly  i^lih  theaaMuned  Uffi- 
tude,  so  that  it  will  not  be  necewAt v  lo  npeat  ilie  operniion.  The  remark*  at  the  end  of  «L»t  eiaafde. 
re^iiccang  tb«  error*  of  the  lunar  lohles,  and  iLc  couiparioij  of  actual  ob»er«alioos  at  different  phos. 
arc  equally  applicable  lo  tliepie?eni  Problem. 

PROBLEM  IX. 

To  find  the  longiiude  of  a  place  by  ofi  occxdtation  of  a  fired  star  by  the  mean,  tckm  the 
immersiffn  or  emersion  oidy  is  observed,  the  apparaU  time  being  eftimated  frcM  noon  to 
tioott,  according  to  the  mdkod  of  astronwmcrSf  and  the  latitude  cf  the  jdnet  being  bictr.i. 

RULE. 

To  the  apparent  time  apply  the  estimated  longitude  of  the  place  turned  into  tinr,  bv 
adding  if  westy  subtracting  if  east^  the  sum  or  dilicrcnce  will  be  the  supposed  tine  at 
Greenwich.  At  this  time  find  in  the  Nautical  Almanac  the  sun's  r^t  asceonoB,  the 
moon's  semi-diameter,  horizontal  -parallax,  longitude  and  latitnde  *  by  Problem  L  aad 
the  moon's  horary  motion  by  Problem  IL  also  the  latitude  and  longitude  of  t!ie  fixed  sitf 
by  Table  XXXV il.  and  correct  it  for  aberration  and  equation  of  eqaiiKnoa  byTrita 
XL.  XLI.     Decrease  the  moon's  sem>-diam€ter  2^'  for  inflexion,  and  to  the  rtmmiki 


add  the  augmentation  from  Table  XLIV.  t  the  sum  will  be  the  corrected 
Find  also,  in  the  Nautical  Almanac,  the  obliquity  of  the  ecliptic.  With  theM  de- 
ments and  the  apparent  time  of  observation,  calculate  the  altitude  and  longitude  of  ^ 
Nonagesimal  by  Problem  IV.  also  the  parallaxes  in  longitude  and  latitude  of  thi 
moon's  apparent  latitude  by  Problem  V. 

Take  the  difference  between  the  latitude  of  the  star  and  the  app.  lat.  of  the  ■«■» 
which  add  to,  and  subtract  from  the  moon's   corrected  semi-diameter  (tbete  qoaili- 
ties  being  expressed  in  seconds)  half  the  sum  of  the  logarithms  of  these  quantities  ia- 
creasedby  the  log.  secant  of  the  star'»  latitude,  rejecting  10  in  the  index,  will  be  Ihi 
logarithm  {  of  an  arch  in  seconds  to  be  added  to  the  s^ar-s  longitude  if  the  moon  ka 
passed  the  apparent  conjunction,  but  subtracted  if  before^  §  the  sum  or  difierence  «i 
be  the  opporenMongitude  of  the  moon.     To  this  add  the  moon's  parallax  in  loqgiladB 
when  the  moon's  distance  from  the  nonagesimal  (found  as  in  Problem   VII.  by  Mb- 
'tracting  the  longitude  of  the  nonagesimal  from  the  moon^s  longitude,  borrowing  3(^ 
when  necessar}')  is  greater  than  180"^,  othenvise  subtract  it,  the  sum  or  diftifoce 
>vill  be  the  true  longitude  of  the  moon.     Take  the  diflerenqe  in  seconds  bctweeatkt 
moon  and  star's  true  longitudes,  and  to  its  logarithm  add  the  arithmetical  comp.  lc|. 
of  the  moon's  horar}'  motion  and  the  constant  logarithm. 3. 55630,  ^he  sum,  rqjcdiig 
10  in  the  index,  will  be  the  logarithm  t  of  a  correction  in  seconds  to  be  api^ied  tB  tk 
given  time  of  observation  by  adding  when  the  moon's  true  longitude  is  less  thai  the 
star's,  otherwise  subiraclingy  the  sum  or  difference  will  be  the  time  of  the  tne  cofi- 
junction  at  the  place  of  observation.*  Tlie  difference  between  this  and  the  Cime  sf 
conjunction  inferred  from  the  Nautical  Almanac  by  Problem  111.   for  the  MCiidiui 
of  Greenwich,  will  be  the  longitude  of  the  place  of  observation,  if  the  tablea  are  ciR^ 
rect ;  but  it  is  much  more  accurate   to  compare  the  {imes  of  coiyunctioB 

*  Correrieti  fi)r  the  error*  of  the  tables  in  longitude  or  latitude  when  known, 
t  This  correction  must  be  found  aOer  the  altitude  and  longitude  of  the 
6  See  Dole  with  this  mark  in  pafe  6a9. 

T  Pnqiortional  lofrarithms  may  be  uaed  instead  of  eommoo  togaritbna,  the 
OiATtl  iasttad  of  3^55630,  and  the  feg.  co<«Im  being  used  iuitaul  of  kig.  sceanf. 


■LLATE    -V.N    ECLIPSE    Of    THE    MOOS.  :-9lt 

it  Ihe  diflcrrul  piaret  in  Ibc  Dunncr  mcntiaDed  tl  tbe  end  oC 

EXAMPLE. 

Suppou  in  >  place  in  the  lalilude  of  iO- D'  N.  lorgitude  by  e»tin»tioii  Ih.  9'<l"  eu( 
froni  Ureeniricb,  Ibe  emersion  of  tbe  «Ur  Spi«  wu  olnerred  on  December  1»,  1806,  at 
ISh.  10  it',  appDrenl  time  bj  utTonomicil  computttion.    Required  tbe  hmptude  of 


6  ],»fau 


The  diference  of  meridians  hy  cnlculalion  l!i.  9'  1''  differs  bul  3'  liom  tte  auuineil 
hingHude,  >a  tbal  il  »ill  not  be  ncccssoiy  to  repeat  tlie  operation.     All  tbe  reurk* 
made  M  Uie  end  of  the  example  in  Problem  VII.  are  applicable  lo  tbis  problem-    It  ouj 
■1»  be  Hirtber  obsencd,  that  tbe  eiaerBion  or  immersion  which  happens  on  the  daric    - 
limb  of  tbe'  moon  can  be  obscncd  with  much  more  occuracj  than  on  tbe  enlighteited 
limb ;  becauH;  the  lighl  from   this  limb  preients  tbe  oinrner  from  perceiring  the  gin's 
iinmersioD  or  emersion  so  instantanenuslj  as  on  the  dark  side  of  the  moDo. 
PROBLEM    X. 
To  calfulalt  an  rcUfsc  of  tki  mmm. 

The  tima  of  begiuoing  or  end  of  a  lunar  eclipw  at  anj  place  maj  be  found  bj  ink- 
iractit^  or  adding  Ibe  longitude  lo  llic  limes  given  in  the  Nautteal  AloMuc  for  th« 
meridian  of  Greenwich,  according  ai  the  longitude  is  west  or  eaal.  But  as  lomt  reulen 
maj  iriab  lo  know  Ihe  method  of  deducing  lhci<e  times  from  tbe  loncitudea,  latitude*, 
&c.  of  Ihe  moon  and  sun,  ;i>i.-n  by  the  >nulic3j  .Mmaaac  or  by  other  tables,  il  ms 
thought  proper  to  inien  the  rule  for  Ihesc  calculations. 

An  eclipse  of  the  moon  can  only  ba{>pen  al  tbe  time  of  the  full  moon.     If  her  loi^ 

li',  Ibere  may  be  an  eclipse.     To  find  whctbcr  Ibcre  nill  be  one,  and  to  calcutato  lb* 
times  and  phases,  proceed  as  folTows. 

RULE. 

Find  Ihe  time  of  full  moon  at  Grcennich  by  tbe  Nautical  Almanu  or  Problem  Hi.  lo 
which  aiid  Ibc  lon^lude  of  Ihe  place  turned  into  line  if  out,  bul  nAtrott  if  aat,  tlie 
sum  ur  dilference  will  lie  the  time  of  the  ecliptic  opposition  al  the  proposed  place. 

For  the  time  at  Greenwich  find  by  Problem  I.  the  moan's  latilude,  boriionlsl  paraltax 
and  Aemi-diametcr  (which  reciuircs  no  augincnlalion)  also  the  suit's  irmi  j^mrlrr 
TJien  by  Problem  II.  the  horaij  niotion  of  the  moon  from  Ibe  sun  in  longitude,  and  the 
iiionn's  boran  molion  in  latitude. 

Ur.iw  Ihe  line  ACB  (Plate  MI.  fi;>.  6)  and  perpendicularly  thereto  tbe  line  FCR. 
Select  a  scale  of  equal  parts  to  measure  tbe  lines  of  projection,  and  from  il  take  CG 
ci|ubI  to  Ihe  moon's  latitude,  and  sel  it  on  CR  ftoni  C  lo  ii,  ohott  Ihe  line  AB  if 
tbe  laliliidr  of  the  moon  is  narlh,  heluw  if  voulb.)  Take  CO  equal  to  Ibe  horary  mo- 
tion of  Ihe  moon  from  Ue  sun  in  longitude,  and  set  it  on   Ibc  line  CB  to  Ihe  right  «f 

1  TWik.iOw™i»ilUHi«(«™ilrf  Pmh'I,  hi.rili*dsD-,tlir«>Mil.irii-t.  la  Ihe  tLnr*  (ha  Wlnda 
Ifwnlb.    IflibidliecDiKinliliMriiliRliiiiiBihaicbeniilKcdanlhenniliiiialiaBontCBt^C    ^ 
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C,  Oram  C  to  0.  Take  CP  equal  to  the  m(M)n*s  horary  motion  in  latitude,  as  found  viib 
its  sign  by  Problem  U.  and  set  it  on  the  line  CR  from  C^to  P,  ubove  the  line  AB  if  ib 
sign  is  — )  beUno*  if  -{-.  Join  OF  which  is  equal  to  the  horary  motion  of  the  moon  finos 
tlM  sun,  and  parallel  thereto  through  G  draw  the  relative  orbit  of  the  moon  from  the  m 
NGL,  on  which  are  to  be  marked  the  places  of  the  moon  before  and  ailrr  the  full,  W 
means  of  the  horary  motion  OP,  00  that  the  moment  of  full  moon,  or  ecliptic  oppositin 
at  the  proposed  place,  may  fall  exactly  on  tlic  point  u.  This  may  be  done  by  mskuii 
the  extent  OP  equal  to  the  transTcrsf;  distance  of  bO,  60,  on  the  line  of  lines  of  the 
Hector,  then  measuring  from  the  same  lines  the  tranrnrerae  distance  corresponding  to  the 
minutes  and  parts  of  a  minute  in  the  time  of  full  moon  at  the  place  of  obsenation,  ud 
setting  it  on  the  line  GN  from  vi  towardH  the  right  to  the  point  ;r,  where  the  whcrie  boar 
preceding  the  full  moon  is  to  be  marked. f  f^en  the  distance  OP  set  from  x  to  de 
risht  hand  on  the  line  LGN  reaches  to  the  hours  preceding  the  full  moon,  und  set  to  the 
left  hand  reaches  successively  to  the  following  hours.  These  intervals  are  to  bejdindetf 
into  sixty  equal  parts  representing  minutes,  if  the  size  of  the  scale  will  atlmit  of  iL 

Add  50''  to  the  moon^s  horizontal  parallax;  and  from  the  sum  subti-act  the  5un*t  wau- 
diameter,  the  remainder  will  be  the  semi-diameter  of  tlie  shadow  CB,  with  which  des- 
cribe the  circle  ASB  about  the  centre  C.     Add  the  moon^s  senki-diameter  to  the  ndiss 
CB,  and  with  that  radius  describe,  about  the  centre  C,  the  circle  DRM,  which  if  thoe 
he  an  eclipse  will  cut  NL  in  the  points  E,  11,  representing  respectively  the  places  of  the 
moon  at  the  beginning  and  end  of  it    If  there  is  no  intersection  there  will  be  no  eciipae. 
Draw  the  line  CKST  perpendicular  to  LN,  cutting  it  in  K  and  meeting  the  circles  A^ 
DRU  in  S,  and  T.     vVith  u  radius  equal  to  the  mounts  scmi-diamcter  describe  about  the 
centres  £,  H,  K,  the  small  circles  represented  in  the  figure  ;  of  which  that  drawn  rooad 
K  cuts  the  line  Cl^  in  the  points  I,  P,  and  if  the  eclipse  is  total  the  whole  of  this  cirde 
will  fall  within  ASB,  as  in  fig.  6,  but  if  part  of  the  circle  falls  without  ASB,  as  in  fig.  7, 
r.  XII.  the  eclipse  will  be  partial.     In  cither  case  tlic  n;im)x?r  of  digits  eclipted  may  be 
obtained  by  saying  as  the  diamctiT  of  the  moon  Fl  is  to  the  obscured  parf  FS  ao  are  13 
digits  to  the  number  of  digits  eclipsed.     When  the  eclipse  is   total,  the  beginning  and 
end  of  total  darkness  may  be  found  by  taking  a  radius  equal   to  CB  decreased  by  the 
mocm's  semi-diameter,  and  sweeping  with  it  round  the  centre  C,  a  circle  d  e  km,  cuttioff 
LN  in  the  points  e,  h,  representing  respectively  the  points  of  beginning  and  end  of  tobl 
darkness.     Then  the  hours  and  minutes  marked  in  the  line  NL,  at  the  points  E,  r,  K, 
A,  H,  will  represent  respectively  the  times  of  the  beginning  of  the  eclipse,  bvginniBg  m' 
total  darkness,  middle  of  the  eclipse,  end  of  tolal  darkness,  and  end  of  the  eclipie.    Js 
this  rule  no  allowance  is  made  for  the  oblate  ligure  of  the  earth,  the  conectioo  firoa  tbii 
saiirce  being  much  less  than  the  errors  of  observation. 

EXAMPLE. 
Required  the  times  of  beginning,  end,  &c.  of  the  eclipse  of  the  moon  of  MiySth, 
180S,  at  a  place  in  the  longitude  of  30^  VV.  from  Greenwich  ? 
By  the  Nautical  Almanac  the  time  of  full 


fc:ii"npnt&  uf  ihe  Kclipaie  .Vlay  9.  t9b.  Sif- 


moon  at  Gh^enwich  was  May  9th,  ut  l9h. 
39^.  From  this  subtracting  the  longitude 
of  the  place  of  observation  30-  W.  or  2h. 
the  remainder  I7h.  39^  was  the  time  of  full 
moon  at  the  place  of  observation.  Corres- 
ponding to  the  time  at  Greenwich,  I9h.  39', 
the  elements  in  the  adjoined  table  were  cal- 
culated by  Prob.  I.  and  II.  and  the  values 
CB,  CD,  Cdf  found  by  the  above  rule.  Upon 
the  centre  C  with  the  radii  CB,  CD,  Crf, 

taken  from  a  scale  of  equal  parts,  describe       _ 

the  circles  ASB,  MRD,  mrd.      Draw  the'  line  ACB   representing   the   ecliptic,  sa 


\|>|>.  li'nit  colli.  (iVvrnwicli,  May  >J  ,liMu99 

Lon::.  place  30*' W  12     0 

Vpi».  M.m*  conj.  ai  place  ob*.  'n    39 

P's  Ui.  by  Prob.  Lb.  Uccreasiog      UG  -f    ]044~Ji 

D'a  lluriz.  Parnl. 

U  '^  tiomiiiiameter  BD 

•)'»  Semi-dianieter 

S  llor.  Mot  in  long.  Prob.  II. 
m)\  Hor.  Mot.  in  Ion; 


61  IS  3 

i6«.: 

15  Jl  J 

37S7J 
3  24  J; 


)S  Hor  Moi  froiD  m in  lone:.            00*  89  13  4 

j's  llor.  MoL  in  laU  Prob.  II.             CI»  —  S  J9  i' 

5's  Hor.  Par-fSi)  — 0'»  S.  D.  =   CB!  «  l5i' 

(  B-^S  S.  I).  =    <vl  2?S1^ 


*  In  otfwr  words  the  point  P  will  fail  above  (.'  ir  the  moon  is  aoproachinp  to  the  north  pole  of  A 
ecliptic,  otherwise  below :  That  is,  thv  point  P  nHi«t  fall  nhove  V  if  ttii*  nition's  latitaUe  is  MtmtJkdnrtmt 
or  ttorih  iiW'-erwmg-,  otherwi!>e  lietciw.     When  no  irrfnt  Scruracy  i»  lequiitHl  the  htomry  ntoUon  u     ' 
need  not  be  found  by  Pmb.  II.    lii}<t<>ad  of  which  the  angle  (.'oP  may  be  taken  equal  ti  5«  40*,  in  (. 
of  the  moon  or  sun,  and  the  line  UP  r>«jii:il  to  CO  increased  by  *}    or  10  ':  but  thb  method  ^111*1101 1 
iu  oocaUalions,  in  which  the  anirlc  (^OP  varies  above  5  defrrees. 

j  The  distance  Gr  mayalM)  be  I'ouixl  l«y  comni'in  ni-illiuu-tic  by  «iyin^  as  GO  minutes  are  to  thf  _- 

aud  sccooiU  in  the  time  of  full  moini  (which  in  ihe  pre-^enl  examtile'  in  39  )  m  is  UP  Ui  Oa.    After 

iojlf  the  hoars  on  the  line  Lti.V  it  in  ikiuiI  ui  divide  them  succevaivcly  into  baKes  and  qusitas  of  ss 
hour,  then  into  five  minutes  and  one  niiiuitt>. 

I  The  semi-diameter  oi  the  ftiiadt>w  it  mcreaseil  by  the  eartb's  atmosphere  fmin  20"  In  W.  aroMdbf 
to  the  eatimates  of  diflereni  aslrmiomers.  Alayer  su))p»Kns  thW  riMToction  to  be  one  OOih  part  of  Ae 
shadow,  Taryingf  from  37  '  to  46".  The  mean  of  Mayer'.«  mrrection  adUfvl  10  the  soa'it  petnilln  b  bbbIj 
ef|«talt9  M"  asstimert  b9  tihove. 
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DKke  CO  perpcndkuliir  thcntn  nquBl  to  the  noon'a  lititude  ID"  44"  .6  S.  [be  poinl  G 
being  Mkcn  bcloir  C  beckiui!  tluc  latiiude  ia  HNlb.  Miks  CO  equal  lo  the  liotBi? 
niotian  of  ibe  noon  Croia  Ihu  ran  in  lotiKiMrte  3&'  13" .0,  mud  CP  pciprndirular  Ibento 
pqiuJ.lo  tbc  honrj  tnolioii  in  Uliladt^ — 1  iff  .t,  the  pnini  t  bring  placed  abote  C,  be- 
cuse  Uic  utHUi'i  Iianu7  molion  ui  lalitude  hu  Ibt  ^i  ~  pnfntd,  or  in  other  worda, 
tlie  hUUide  WH  Muth  dccrcuinK-  Juin  vf,  uul  parvllnl  Ihenlii  ilraw  through  G  the 
hoe  NCL,  and  on  it  kl  fidi  U»  pcTpendifular  Ck.  Mike  thr  liixlanre  t>P  a  tnnatene 
diitUiM  of  60,  bo,  on  the  line  or  Iuhm  uf  the  tcclnr,  ind  nwinurr  Trom  the  amme  Knet 
the  Irannene  didJtOM  39tJ1  (corropooditig  tu  the  niinnlei  in  the  time  of  full  moon  it 
the  pIbcc  oT  ohm-tUion)  thin  dinlviee,  ul  on  the  lint  lt\,  lo  the  i^l  of  C,  mcheii 
lo  the  point  >,  where  the  hour  l7b.  prccHting  the  fsll  niDOn  is  to  be  marbed.  Tike  Af 
extent  OP  and  U;  ll  (rom  I7h.  lu  Ibie  rigbl  band  to  Ibb.  and  lUeeeMivel}  lo  the  lefl  ta 
IHh.  t%.kc.  Subdiiide  thene  lines  into  fiO  equal  parts,  repmenting  miDUtei,  if  Ike 
tcalo  «rill  p^rmtl,  and  Ihp  linuM  cmreiponding  to  the  poiau  f.,  i,  K,  h,  H,  will  repre- 
sent revpeclitel]'  the  hccinning  of  the  eclipw  lih.  .idm.  the  brginoing;  of  total  darkneec 
Ibfa,  i4in.  Ibe  midilte  of  the  oclipw  ITh-  41m.  tbe  end  of  total  datkoea  iSh.  SBm.  and 
ihi^  end  of  tbe  etlipH  I9h.  26ni.  nbich  liia«>i  Hgrcc  ncarlj  with  tha*e  in  Iha  Nanlic*! 
Almanac,  allowing  for  Ibe  diBerenre  of  nvrtiliiuu  i  houn. 

CaSaJaUm  bn  IjigiaillHiit. 

The  phuts  of  the  MlipM  majr  abo    be  calcnlaled  hjr  iDgarllbnii  in  a  (eij  simple 

manner.     Tbui  luppose  it  was  nquired  to  Ami  the  Uma  of  Ibv  Iwjpnning  of  Ibe  eelipie 

in  the  aboie  txamohs.     la  Ihii  rate  in  the  rfehl-angled  triangle  ('CP,  Ibvre  would  be 

giten  00=11 13".6  and  CP=r3fle".S,  toGod  OP^Sia-l".!  aad  the  angle  OPC=84'^a9'. 

Tliii  angle  i>  M)iral  to  RUB,  berauM  l>E,  OP  are  paiallrl,  snd  its  nipplemenl  gitei  the 

airgle  CUE=qi^  36-.     IVb  in  the  triangle  CI^E  there  are  %ntn  the  ai«(e  CUE=9S° 

^triit  noon's  blitwde  ca=M4".S,  and  the  line  CE  (^CD)  ^S77S".9  lo  Aud  CEO^: 

'*-iSf,tiCt.=^«^H/uid   aE=3bS-l':i.    Then  ny   as  OP   (jias^a)  it  lo   1   hour 

(3600".)  u  is  UF.  (36M^'.S)  to  the  liuw  (falW  =)  lb.  4J'  lb"  bslween  Ibe  boginning 

of  Ibe  KlipH  and  (be  lUI  moon  at  die  place  of  obHrnlkm  ITli.  39*,  and  u  the  point 

V.  fall>  lo  the  tighl  band  of  Q,  thai  timr  mi»l  be  nihtiuted  from  ITh.  39',  to  oUain 

the  tunc  lyt  Ih"  beginniif  of  the  eclipsn  1  Sb.  55'  44",  which  aKreo  nearly  with  the  pro- 

)rclion.      A<  Ihcsf  ralciiUlioOB  are  ler]  aimple,  it  will  be  unneceHiaiy  lo  lake  notioc  of 

(be  ililfetrnt  vtati,  or  lo  giie  the  calciilatioDi  at  fidI  length,  the  wbide  beiDg  tufficientt; 

It  from  Uie  Hgure.     Tbc  middle  of  the  ectipM  i*  found  by  meuu  of  the  Irii^le 

milar  lo  OCF,  in  which  tbe  anfclei  and  hjpoUnuie  Cti  ire  given  to  bnd  CK,  EG. 

.  u-  uf  ducribing  KG  being  added  to,  or  subuaelcd  from  (he  time  of  full  moon  at 

ic  place  of  ubaenalion,  aeemding  as  Ibe  point  K  (hlla  to  Ibe  led  or  right  of  C,  will 

Ire  the  lim«i  of  the  middle  of  tba  cdipw.     Tbe  distance  CK  10*  41''.?  a^tnded  Ooa 

,c  ndiu*  CD  or  crabs' 68".9  will  kare  a  remainder  equal  In  the  edipsad  pari  FS 

-KT)  .'■3'  n  ".2.     And  the  mooa's  diameter  akl'sr.iieta  F6  St  II '.9  u  U  digits 

.  ih*t  diKits  rrlipsrd  1^.    In  maiing  Ihrje  caleutallOBt,  CDm«OD  or  pmporlional  lo^ 

!  linis  muj'  be  made  use  gt 

PBOBLBM  XI. 
Topnjtctati  trliftf  fj  Iki  nai/or  ain  givru  plait. 
All  eclipse  of  Ibe  lun  can  happen  only  at  the  time  of  new   moon.     If  the  moofi'r 
iiisitude  at  that  time  b  not  distant  from  either  node  of  the  moon'**  Ocbil  more  than 
7S'^  fier^  m»J  be  an  eclipse.     To  find  whelher  tlietr  will   be  one,  and  10  calciUate  Ibe 
nM»  and  {Aasci,  proeocd  bj  the  following 

RULE. 
ti  gnta  in  the  Nautical  AlmanM  (or  calculaled  bjr 


GKCsi 


I'l'ptude  of  the  proposed   p 

,  ..rdiflerci  ' 


ne,  if  e< 


cnwich.  Dnd  bj  Problem  I.  C 
alio  the  tun's  longilude,  sen 
lie  horaij  moltoo  of  Ibe  mo- 
.  l.iiit  i>l>'.  ■.•i«i  i!:r  liiiriirf  motion  of  the  moon  from  the  sun  in  longitude. 
Draw  lK<  line  \rit  (Ptsic  Xlt.  Og.  10.)  representing  Ibe  ecKptic  and  perpendieuli 
tlicrrto,  Ibe  line  PCK.  Take  n  scale  nf  C(|ual  pans  lo  measure  Ibe  rnies  of  tl 
njerlioii  i  meaaurc  iVom  it  nn  iolsnsi  equal  In  Iks  unon's  iBtilnde,  and  applj  it  i 
It  rrom  C  In  li,  ohvc  the  lint  \rit  if  tbe  monn'i  talitnrle  is  titrtk,  Sdrne,  If  Mull 
nke  CO  ei)ual  to  the  borvrr  miitinn  of  tbe  moon  trtim  thr  sun  in  longilBde  and  i 
on  tlie  line  CB  to  tbc  tighl  heurl  of  C  lo  O  ,  uke  CI'  equal  lo   tb«  noon's  ban 


.   If  U  iBilbKasi  nucksvuih,  ditlrBlglQ  wmtfl 


^ 
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motion  in  latitude,  found  by  Pro::.  II.  and  set  it  on  tlie  lini*  CR,  from  C  to  P,  okm  ' 
the  line  ACB  if  the  sign  ia  — ,  heloic  if  -{-.  Join  OP  which  represents  the  honry  no- 
tion of  the  moon  from  the  sun  on  the  rehitive  ori):t,  :iud  |»arallH  to  that  line  drair  tkr 
f«)ative  orbit  of  the  moon  MiL,  on  whirh  arc  tu  Iw  marked  the  places  of  the  moOB lie- 
fore  and  after  the  coqjunotion,  by  nu> ms  of  the  horary  motion  OP,  so  that  the  pomC 
of  the  new  moon,  or  erliptic  coi\juni'tion,  :il  the  proposed  place  may  fall  exactlyoatkr 
'  point  Ci,  as  in  the  fij^iire  where  the  new  moon  isnt  'ZMi.  :».)jm.  Thi9  may  be  done  If 
taking  the  extent  OP  equal  to  the  transyerse  distanee  of  60,  60,  on  the  line  of  liMfof 
the  sector,  then  mea/juring  from  the  sume  lino^,  the  trnnsversc  distance  connpoDdim 
to  the  minute*  and  part.s  uf  a  minute  uf  the  time  of  new  moon  at  the  place  of  obient- 
tion  and  setting  it  on  the  line  US  from  Cr  totvard<»  the  right  hand  to  the  point  x,tAr 
place  of  the  moon  at  the  first  wl.olo  hour  prfccding  the  eonjunction  (which  in  tkcpR- 
8cnt  figure  is  23h.)  Then  the  distiurr  Ol'  hein^;;  token  in  the  compasses  audsetfroB 
xto  the  right  hand|  gives  successiveU  tlir  hour>  preceding  the  new  moon,  and  the  SMe 
distance  set  to  the  left  gives  the  following  :iours,  m  in  the  tigure,  where  thej  aiCBarfad 
in  succession  22h.  23h.  24h.  Ih.  These  hours  are  to  be  divided  into  60  equal  parti  ir- 
prescnting  minutes,  the  scale  being  taken  suincientlv  large  for  that  purpose.  |  bte 
present  figure  the  subdivisions  are  carried  only  to  live  minutes. 

From  the  moon's  horizontAl  parallax  subtract  the  »a\Vs  8".d,  the  remainder  ii  tak 
(aken  from  the  scale   of  equal  parts  for  Ihe  radius  OB,  with  which,  on  theeeatic  Ct 
describe  the  circle  BRA,  cutting  CK  in  R.     Open  the   seetor  till  the  (nnsfene  dih 
tanceof  60-^,  60-,  on  the  line  of  ehord!<,  is  equal  to  the  radius  CB,  and  measuRfiw 
the  same  lines  the  transverse  distance   2:i    28'  (equal  to  the  obliqjuity  of  the  cdUr) 
which  set  on  the  circle  ARB  on  each  side  of  R  to  T  and  U.     Join  TU  euttii^  CbW 
Q.  On  ^  as  a  centre,  with  thp  radius  Q  V,  describe  the  circle  TV'U,  on  whiefa  art  offtk 
arch  TV  equal  the  sun*s  Kmgitudc.     Through  \'  dratv  the  line  VP' parallel  to  CSli 
cut  TU  in  P ,  the  place  of  the  pole  of  the  earth. ^     Draw  CP'  and  continae  it  ob  «w*Vf 
side  so  as  to  cut  the  circle  ARi>   in  the  point  \V,  situated  above  AB  if  the  iatihideof 
the  proposed  place  is  norlhf  belmr^  if  smtUi.     In  the  present  figurv'the  tatitode  ii  north. 
If  it  had  beeii  south  the  lower  part  of  the  circle  ARB  ought  to  hare  been  Bate  art 
of.     Open  the  sector  so  as  to  make  the  transverse  distance  6O-,  64F,  on  dM  chw^ 
equal  to  CB,  and  measure  off  the  transrersc  distance  equal  to  the  chort  of  the  caah 
plement  of  the  latitude  of  the  place,  which  set  from  W   on   each  sUe  toDaaiA 
With  the  same  opening  of  the  sector  measure   the  chord  of  the  sun*s  deeUnatioa,  aad 
set  it  on  the  same  circle  .from  T>  on  each  side  to  F,  and  F,  and  from  if  on  each  sib  tot 
and/.     Draw  the  dotted  lines  F/,  D^,   R^  cutting  CW  in  /,  9,  ti.     Bisect  Ai  ■  >, 
and   erect  the  line  VI.   r,    XMII.   perpendicular  to   CW,   and    make  r,  H.  ani 
r,  XVIll,   each  equal   to  7D.      Op<'ii  the   sector  to   make  the   transveiae  i 
90"',  90-^,  on  the  sines,  equal  to  ql),  and  measure  off  the  transTcrse  diatanee 
ponding  to  IS'^,  30-,  45"^,  60-,  75-  {or  i,  2, 3,  4,  5  hours,)  which   set   on  each 
the  point  r,  on  r,  VI.  and  r,  XVlII.  to  the  points  marked  with   those  nunriian  l^i 
30-^,  &c.      Through  these  points  draw  the  lines  I.  XI  ;  11.  X;  III.  IX  ;  &c  asaAi 
figure  parallel  to  CW.     0{>en  the  sector  so  as  to  make  m  equal  to  the 
tance  of  90- \  90-,  on  the  sines,  and  measure  the  complements  of  the  former 


•  See  note  with  llii*  mark  In  fKipc  .9^2. 

t  Spc  note  with  I  bin  mark  in  pag^  5')2. 

I  Tbe  scale  I  genemlly  make  ii*c  «n'  is  one  inrh  to  iO  minutrn,  nNlucin?  Uie  sevMid«  to  •  

minute.    Thun  -V)'  3B'   in  decimnis  i«  -60'.^,  whirh  by  this  .r^lf  would  bo  &06  inches,  obbuacdVrsfe^ic 
the  dpcimal  point  one  figure  to  the  lefl.  ' " 

^  This  may  also  he  found  as  fallows.    After  dnwinir  TQU,  as  aiiove.  npen  tbr  sector  UU  Iht 
distance  90'',  W*  on  the  sines  is  c.^nal  lo  QT.  then  ineHAitrv  from  iliat  line  the  extear  QP'  m  a ... 
distance  (Mrrespondin^  to  the  sine  of  the  dinVreuco  iMMui-eu  the  sun*)*  lonpitiirie  and  99»or  ^W^' 
the  wn's  lon^tude  excee<ls  6  «»i^'ni»,  the  poim  V  will  tall  in  Ih-  «emi-crrrle  lielow  TU.     Thif  b M( 
in  the  6gurr  for  wnnt  of  riHim.    'A'hfn  tin*  iDtitriiuiIe  exceeds  2.  4.t\  dtc.  siens  it  will  he  coota 
mark  on  the  circle  TYD  ihe  points  cnrre^jxjniliiiir  ««  ihosc  «ipii<.  by  «eitinf»  ofT  the  nbliii«  QTast 
fromT  10  IL  from  11  tu  (^\.^r..  mid  then  tnkin;;  from  tlie  Hector tlie  clionl  corrvspcMMlinr  tnthe 
Ihe  given  Inn^tude  above  ilmt  of  Ihf  point  11.  T;.  4:c.  iininwliatcly  preceding.    Thus  if  the 


The  sajiie  mctbfid  may  Ik?  PMile  mo  of  in  pr.ijrctin-:  an  ncculfulion  In  drnwinc  (JL'CFijr  8.  P  XID  vr- 
pemiTiilar  to  n  juid  eipial  :o  m  and  .iolninir  rv  to  cut  il;e  doUcd  lints  \hn\vii  i*anll«|  to  CP  fa  IbriMii 
I.  J. Ct.  fcr.  a«  ahi.>\i'.  • 


TO  psntRcr  Air  eixitsb  of  rat  nn. 


V>Uusi(n«ill>tiiTiM(  (r 


:s*.  fin-. 


abwre  and  Man  UlK  liiu..     T1h>  fiAai. 

prtaeai  Um  tUmlioii  uT  Ibr  ifiorUlar  »t  (he  {ini| ' 

rane  dnivn  Ibrvu^  thtf  puint*  viti  ntpvM^ii  l>i    i 

be  BhwriiiJ.  lialHii'  flaw uf  nuun  willb-otilii.  ^.., 

■Vtt;  l>al  at  Uw  np^i'  /ictnt !,  ir  IhK  ilrvllniillo  ik  ii  ^ 

trvtp  Duon  townJv  Ihv  IfQ  in  Diunnffal  mifctvloii  complrTj  i 

at  »4h.  •nwidiiq;  Id  Ihi  iirHiixl  "f  «i —      ""  "' " 

It  north,  nnJ  lb'p[ii)]l  n 
•nn^  lian.  [koo  oiarknl 

Kin  riwDB  mid  Mtliii;,  " 
Ttaiw;  pninli  diiiric  liir  i 


uijal 


ncifiMi 


vlf,  xriii. 

uncr,  «lll  !»• 

miun  It  >.iusl 


n  Ihi  nuli...  r.  VI.  fr.)jB  r  It>  A  <ni  (Jir  HiK  ',  VI. 

Ihr  >tii''  111   ilT-i    (utiirb  <•  IliF  eampLnncnt  01 


iL  off  bj  ihu  circle  will  r«pfr«-nl  iWe 
'  flg,  10  Ihc  centre  paftbt  naon't 


iMi;- 


->  Hlxi 


"biitiitr)  iilo  the •htcuriU |ui>al  M>  knam  1^ 
T>^  I'^limiet  kmJ  dd  nf  tiital  ibiUni^  In  u 

■  1,  Innuid  or 


ACllpw  Oir.  iBiL 

In  (vlnvri>ti(  (hp  lit-pmiiag  nt  a  uiln  cdi^M.  il  b  «J 
ntnej  at  i)ia  (tecmtiun,  M  loiDW  on  wlitl  put  of  the  ann'i 
brfla.     TbU  1*  r^nlj  tognd  tij  mtana  of  liic  Mcjcction.     Tim 
tLc  criipHi,  abkli  I  iiil»yinri  la  (hs  point  /  ol  iIir  idddd  - 
(he  palh  i>f  ibft  apYtvlnr,  IW  fim  paifll  nf  Fantaul  jr  n>:i^ 
slout  Ibii  criilK  |i'  silk  a  ndtm  njpil  la  liir  nioiin'g  huh 
tcnlin(  llw  imKip'*  •ktt*  i  ibaoi  Z'  u  a  crntrQ  irith  a  radiu*  ^' 
dbmelci  umOm  drtlo  wywiUi^  tbo  nm'i  iluc,  (eodiies  loe  r 


••  ort.i!. 


•■rsn 


Itw  •ilaitJot9 
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b.  BL 

4  19 

4  ISS  , 

,53  35  22  I 

1:33  30  . 

«)  25.71 


fin  t6j 

l«i  24.1 
15  96.1. 


Draw  the  line  CZ'  mccliu';  tbc  sun's  disr  in  the  points  a,  c,  the  point  e  being  tijf 
most  di!,tant  from  thu  ccnta-  C.  I'lit^n  tLc  dnle  ?  a  c  heing  held  between  the  eye  of 
the  observer  and  the  sun,  th«  enrii\c.l  or  markfl  siile  of  the  ligure  towards  the  eye, 
and  the  line  c  a  in  a  *iTlic.il  dirt.-tiun  with  flic  point*  uppcrniost,  will  represent  tlx 
apiKjaraiicc  of  the  sun  a*  >iewiJ  by  the  nak(Ml  eye  at  that  time,  c  will  repreMot  t!te 
upper  part  of  the  j^un,  a  t\\v  lower,  anil  g  tlic  point  of  contact.  If  the  ecl^se  be  ob- 
served with  an  inverting  l^'lesrooc,  ilie  (ronlrary  will  b<*  obsencd ;  that  ia,  the  part  a 
innst  be  upperrao-jt,  c  the  Io»\cat.,  an!  if  th/*  point  of  conta*'!  will  appear  to  the  left  hand 
of  CI.  In  a  similar  mannrr  the  uppcaraiu-r  of  the  objccls  may  Uc  obtained  at  any  olhir 
part  of  the  eclipse,  hut  it  n  not  norc>^ary  except  at  the  beginning  of  it,  where  there  i< 
notliin:;  to  direct  llie  e.^  c  of  the  observer. 

EXAMPLE. 

Ilcquircd  the  times  an<l  pliasr.n  of  the  total  cclip«c  of  the  j'un,  June  l6^  150^  ai 
Salem,  in  the  latitude  of  42  33  30''  ^,  and  the  longitude  of  4h.  43m.  32s.  xecstkm 
tin'cnwich  1 

By  the  Nautical  Almanac  the  time  

nf  new  moon  at  Circenwich  was  June 
l6d.  4h.  19',  corresponding;  to  .lune  1  C\ 
:1M\.  35'  28",  at  S;ik'm.  At  the  time 
ut  Greenwich,  4h.  19'  the  elements 
of  the  eclipse  were  as  in  the  adjoin- 
ed tabic  calculated  by^  the  aiio\c 
rule. 

Draw  ACB  (Plale  XIl.  f^^;.  10,)  and 
perpendicular  thereto  the  line  ('(iK. 
Make  CU  equal  to  the  nioon*s  laii- 
tiide  19'  37"  N.  taken  from  a  scale 
of  equal  parts,  the  point  <•  bein^  above 
C  bccau.«e  the  latitude  is  tiorii!.  Make 
CO  equal  to  the  inoon'ff  horary  mo- 
tion from  the  sun  34'  ].<'.!,  to  the 
right  hand  of  the  puint  C  ;  and  CF 
equal  to  the  moon^s  horary  rnoti:»n  in 
latitude  -f-  3'  22". a,  thr  point  1*  being  bt4oiv  C  because  this  horary  motion  has  the  sir. 
-h  prefixed.  Draw  Ntii.  p.ir;iHrl  tj  OP.  .M:iko  OP  a  transverse  dbtance  of  6«,  W, 
on  the  lino  of  lines  of  the  sector,  ami  measure  from  the  same  lines  the  iFanitcne 
distance  35|,  %o\  (correspond iu!:;  nearly  to  the  minut<?s  in  the  tiin£  of  new  moon) 
this  di.stancc  set  on  the  line  (i.N  to  tlie  right  o(  G  reaches  to  the  point  x  where  the  hour 
preceding  the  new  moon  is  to  bo  niiirkcd,  viz.  23h.  Ta]cc  OP  in  the  compasses  ud 
mark  it  successively  on  the  line  NL  from  x  or  23h.  to  tlie  right  to  C2h.  and  to  thekft 
to  21h.  or  Oh.  lli.  &c.  These  arc  sulhiivided  into  five  minutes,  the  scale  not  adiniltiii; 
smaller  divisions.  Take  the  moon's  reduced  horizontHi  parallax  bU'  16'  .9  from  thft 
i^calo  of  equil  parts,  and  with  that  radius  di;.scrii>e  about  the  centre  C  the  circle  ARE. 
Set  off  (by  means  of  the  sector)  the  arches  K  f,  Ul',  each  equal  to  23  -  28'.  Join  W 
and  about  that  diameter  dcsrnbe  (be  circle  TYU.  Make  the  arch  TV  equal  to  the  sun-* 
longitude  81-^  44'  38  ',  which  is  dune  by  setting  the  radius  ilT  as  a  chord  from  T  toll* 
«nd  then  the  arch  nv^24-'  4*'  3(i  by  nieans  of  the  sector.  Draw  P'V  paralkl  to  CR 
10  meet  TU  in  the  point  P'.  Join  CP'  and  continue  it  to  meet  the  circle  ARB  b^*- 
Make  0)y  the  sector)  tlie  arclicA  WD,  Wi/,  e<}ual  the  complement  of  the  latitude  of  thi 
place  47'-  26'i  nearly,  the  r.uiius  being  CB.  In  a  similar  manner  make  the  aidief  DF, 
D£,  <//,  tie,  iic,  each  cq:tal  to  the  sun*R  declination  23-  32'.  Draw  the  lines  FZ/Df^ 
lune,  cutting  CW  in£,  9,  .1.  Bisect  in  in  r.  Draw  Uic  lino  VI,  r,  XVIU  parallel  toDf' 
:.nd  make  r,  VI,  r,  Will,  e;«ch  equal  to  t/D.  Through  the  points  /,  VI,  n,  XVIU,^ 
draw  the  path  of  the  spectator  ns  tauglit  in  the  above  rule,  and  mark  the  hour  of  nooa 
Oh.  at  the  point  }i  because  the  sun's  ib'clinution  is  north.  Mark  the  following  hoars  is 
^ accession  to  the  left  I,  II,  III,  &c.  as  in  the  figure.  Takn  an  extent  in  the  compasses eqsil 
tothesumofthesemi-didinetci-sofliie  sun  and  moon  32'  14".2  and  beginning  tovaidsN, 


'  iiiijaiK-tioii  ai  (trepiii»ich,  Juite  16. 
-aiiMH  W.  from  li<  fnwirli 
Ki-iipiic  i-onjuiu;.  hi  d<ilciii,  Judi*  iJi, 
I  kiiiiiHif  of  ^nifiii 
j}'a  lliiiizon:.il  Pnrnthx 
^\  liuriz  ■'■titl   t'nrnllax 
.•)'»  iU^iluciM  Iluiau.itiU  I'arallax 
1)'s  >riiii-«ii.iiiiet<T 
•)\  Sfnii-<tianH*t(T 
■Mini  of  M'liii-iluiiiietcr^ 

ll.flftcnci'iif  &rniiKliani«ters  .  ^»j 

y*  llnntry  iiHttioa  in  Lung.  Trabk  IL      j     96  4ld 
•)\  lionir>-  iiiiiiiuii  N.  \.  I       2  2S.1' 

5\  lliirnry  mot  inn  irom  0                  Cw     S\  I3.l> 
5'^  iliir:u7  motion  in  latiiude              CPH-    j  2i:,- 
i'>  l^>ttluiU'  hy  Trub.  I.                        CGj—  13  S7 
V"  l.'MUilude      .                                    TVjBi  41  36 
■•)\  l)i'i:liiiat'mn       DFG3  g  K-  I 


find,  as  above  directed,  the  points  u//  at  that  distance  apart  and^markcd  with  the  same  time 
23h.  7' nearly,  which  is  the  time  of  I 
for  the  end  of  the  eclipse  corresponi 


,  _  —  J  —  I 

23h.  7  nearly,  which  is  the  time  of  the  br^-inning  of  the  eclipse.  Proceed  in  the  same  viy 

rresponding  to  tlie  point«  p",  Z' ,  ond  to  the  time  Ob.  Sj'whick 


is  the  time  of  the  end  of  thecclip.st;.  f  :;ko  the  difference  of  the  scmi-di&mcters  of  tl 
and  moon  42  "  in  the  ,Ci. ' .  ;tasses,  and  proceed  in  the  bamc  way  to  find  the  b^innii 


the  son 
beginning  and 
end  of  total  darkness  3bb>i27m.  and  .'.'•h.  Him.  The  points  corresponding  could  not  be 
'Irawn  in  the  figure  as  tlii^y  nre  fo  ni:\c  to  p  and  Z,  iind  the  ^cale  tsmall.  Find  by  tM* 
the  points  ;iZ  marked  uilh  t!ic  ^ame  tiuic  :ir.:l  at  thn  leu.ot  distance  apart,  thisviDhe 
ibc  time  of  the  middle  of  the  eclipse  23h.  29^.  With  an  extent  equal  to  the  moou*« 
T"  -diamci'M*  16' 2S''.!  ;^.^  1  n.'iii-*.  d'^-^r-iiiif*  ii!»r»Mt  /)  IK'*  nvhy  v-ho^e  di^PKtrris  M-^ 


TU    PeOJECT    AN    EtLIP.Si;    OF    THE    SIN.  ,1'J, 

t^lircMiuing  (lie  moan'a  diw,  mil  wiib  tlic  sun'i  f rini-JuiiH (cr  li'  ib'.l,  ilt'criLc  alioiit 
y.  tbc  circle  wbox  dtamclcr  ii  S  i  rcprctciiting  lliu  hui'a  Jinc  at  l!ie  luiJidc  of  Ibv 
eclipie.  I'he  Mil's  di>c  be'nif;  whully  i-otercil  liv  ilii'  moon,  itvlirali-B  Out  UiR  Gcli)>w  w» 
total.  DcH'ribe  in  the  umu  Kar  about  p  and  7.'  Ibc  dim  ot  llie  run  tinil  mooa,  it  the 
bcpnoing  of  Ihs  «lip3C,  touchiiii;  vach  olbcr  in  ir-  I'rair  t'Z'  nilliRg  Ihe  mooo'i  di*': 
in  e  and  a.  Then  tlit  arch  c  fr  aiU  be  the  di>lanci>  of  ll.c  lir>t  puinl  ol'  I'ODtacl  oT  lie 
sun  and  moon  Iroin  ibu  >nn'«  teixitb  toward  the  ircdlcm  part  at  tlic  liiii'j. 
RIIMAUKS. 

1.  The  correction  for  (be  iphcnudd  furm  of  the  rarlli,  the  aupncnlatioD  of  the 
nuMHi'B  •emi-dianH'tvr,  infleiion  and  irra(li»li(iii.  arr  iH^ki'lid  in  tbit  Rhoic  rule  u  not 
lenNbljr  aflcclin);  the  mult  ol*  tbc  projection,  Ibough  Ibcrc  poiiitx  inigl.t  be  attended  to 
bj  tbe  following  prcccpta. 

3.  From  the  latitude  of  the  plurc  nibtract  tbe  corrt<;(ion  of  latitude  of  Tab.  XXXI'III. 
and  from  the  moon's  harij^oulul  jiardllnx  decrvised  byd'.S  subtrarl  tbe  correction  of 
parallu  in  the  same  table  ;  the  n'maimkn  will  be  tbt-  eorriTti'd  latitude  and  piralloiif 
lo  be  made  use  of  iu  llic  nboir  ruti-  to  iromci  for  llic  spberoidal  roroi  of  l!ic  coTlb. 

3.  Decrease  tbe  moon's  fiitui-iliauKtcr  gii en  by  Ihr  .N.  A.  by  X'  for  inllriion. 

4.  Dccreaie  tbe  ?un's  semi-diiuncttr  i''i  for  irradiriti'in.  anl  trem  the  remainder  suli- 
Iraet  ■  correction  equal  to  the  a!igtai;nlalinD  (Tab.  XV.)  that  tlie  moon's  Kmi-diimeKr 
would  bare  wben  at  tbe  same  allitmtc  ss  tbe  iiin,  tlie  reni'.indrr  will  be  tbe  comctcil 
iwmi-diunctcr  of  tbe  sun,  to  he  u.icd  in  tbe  aboie  rule  in  finding  all  the  times  and 
[ibasei  of  the  eclipse.  Tliii  method  of  dccna:'ing  the  <uii'*  seini'diamcter  produce* 
nearly  the  same  result  ai  thit  br  aiigmcnlinE  llic  iiioon'i'  Mnii-.liarBeter,  horary  motion 
3nd  boriiontal  parallax,  and  lakiii-  tko  luu's  ecmi-diuneii'r  at  gi^en  in  tbe  NautictI 
Almanac. 

5.  Besides  Ibese  corrcctioni.  tfatr«  are  olbers  ilcii?ndin;i  on  the  cbnn(!e  of  tbe  moon's 
sr mi-diameter,  horiiontal  paralhx  and  horary  motion  duntig  tbc  eriipie,  bat  otl  Ibese 
carrcctions  are  usudIIt  neglected  in  projprling  an  (■rlip9«  or  urc'.iltition. 

6.  The  aHllU'le  of'tlie  sun,  wliicb  i>  m.'irlr  the  !ame  as  D.at  of  the  moon  during  tbe 
rclip-e,  may  cosilj  be  found  by  means  of  the  pmjci'tion.  TIims  if  it  ocrc  required  st  llic 
bt-ginning  of  the  eclipse  when  tbc  rgcitator  is  s(  Z  ;  1'iike  tiie  distance  CB  and  apply 
it  OS  a  tianBierre  diilanee  'M  ,  SO  ,  to  the  sinii  uf  the  seilor :  then  the  distance  C/.' 
applied  in  tbe  same  manner  to  those  line*,  will  giic  the  zenith  distance  oflbe  sun,  about 
31-',correspondingtoIbealtitiule&4  .  'I'he  corrrctiou  (Table  XV.)eorrespondiT%  lo  tbis 
altitude  is  H",  which  is  nearly  (he  correction  lo  Ir  tublnclid  I'rijm  tbe  son's  semi- 
iliaoictcr  IS',  ii'.ty  (corrected  for  irradiatioiii  to  obtain  the  eorrerled  semi-diimcleT 
15'i3".6,  astai^bt  in^.  I'ablr  W.  was  ealrulalcd  for  tbe  mean  temi-dinaKler  IS' 
.t7''and  the  rorrection  oflbe  Table  1-1'  ouzbt  lo  be  inciraicd  in  ratio  of  tbe  sun's  semi- 
diameter  IS  4fi".l  to  li'  17 '  when  lerj  -rent  iceuncY  is  required.  Tbe  difleience  of 
ibe  corrrcled  semi^ianielerf  of  the  >uii  and  moon  1^1'  3'^''.6  and  lb'  Hf.l  it  ST''^, 
irhich  ii  to  be  used  instead  at  IS"  in  fin.liii;:  tlie  biginning  nn<l  end  total  rkneis. 
The  duration  of  (he  total  dnriincs-  found  )>v  (b>-  rorir-te  I  Tallies  hT  A  is  4}  minutes,  but 
irilh  (he  uueorn-cted  value  4i  '  is  nnlt  .1  minut>».  It  nas  pnl.ahlj  owing  to  (be  nt^xM 
.of  ihit  I'orreclion  that  some  of  tbc  Aliaanaei  p.'blitbcd  in  tbis  eouolry,  for  1806,  men- 
tioned the  duration  as  3  minutes. 

7.  The  path  of  the  spectator  I.  II.  lit,  IV,  &c.  calcultled  for  (lie  proposed  lititude 
4i  '  33'  Jiy'  may  be  made  to  an-wer  for  any  oilier  lalilu Ic  by  aluring  the  centre  of 
projection  and  ibc  scale  of  equal  parts.  Bj  this  means  tbc  trouble  of  njieatedly  des< 
criMnx  that  path,  wfaen  the  eclipse  is  to  be  caleulMcd  forsi-veral  plturs.inay  be  avoided. 
To  do  this  add  the  ?rDp.  I.ug.  oflbe  mlurcd  |iar,illax  to  the  log.  secant  of  tbe  latitude  of 
the  place,  tbe  sum,  irjecttng  IU  in  (he  index,  will  be  the  Trop.  \j)%.  of  aaaicb  A.  To 
tbis  Prop,  ijofi-  add  the  loc.  secant  of  thi!  sun's  ibH-lination  (or  star's  in  an  occultation) 
And  tbe  log.  ro-('ingcnt  <rr  the  latitude  of  tbe  pince,  tbe  sum,  rejecting  9(1  in  tbe  index, 
tdll  be  tbe  Prop.  Log.  of  the  arch  If.  Take  the  ladiui  r,  ^"I  (or  qO)  in  tbe  eompassr?, 
and  make  il  a  transverse  distance  on  the  line  a(  liuet  of  the  sector  corrCsp«udiDf[  lo  (he 
arch  A,  and  with  that  oi>cnini[  of  (be  sector  measure  the  tran*rer?c  dblance  carTCsponOin); 
to  Ibc  arch  B  which  set  fmni  r  toirardT  V.  on  the  line  rC  (continued  if  necesnry )  will 
rearb  to  Ibc  centre  of  (he  prajTtinn  rorrciponding  to  (he  proposed  latitude ;  the  trui- 
Tcrse  distanrr  correspori'liM;  (0  (he  rcducri)  parallax  m*afiire<l  from  the  line  tX  Matt, 
with  tbc  same  opening,  will  be  the  radius  of  Ihe  projection,  and  Ibc  iransKrse  distance 
eorTe!<pon']ing  to  the  bnrary  niolinn  of  (he  mnon  from  t  e  -  <n  cr  'tar  in  an  orcultotion, 
«ill  be  the  borary  distance  to  be  made  ine  of  in  narking  t'lc  bo'irs  on  the  lunar  oibil 
I.N  ;  lastly,  the  latitude  oT  the  moon  at  tb--  conjuiKtiiin  i-  to  be  m.  nsiired  u  a  Iransrerse 
distance,  and  set  from  the  new  centre  of  projection  on  a  line  drawn  throu^  it  parallel 
In  CK,  an'.)  Ihc  point  where  it  reaches  will  he  tbe  n'w  point  (•  corresponding  to  the 
place  of  the  moon  at  the  edq-(ir  conjunction,  'nrangh  lUi^  point  the  line  of  tbe  moan's 
path  is  to  be  drawn  parallel  to  the  line  LN  oT  Ihe  Dgnrc,  and  the  hours  are  to  he  marbtd 
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on  it  as  before.  AVh^^uce  the  times  of  beginning  and  end  of  the  eclipse  nay  be  taoA 
us  in  the  above  rule.  An  example  of  this  method  is  not  given,  as  it  woidd  render  Ik 
d<i)eme  too  confused. 

PROBLEM  XII. 
To  project  an  oecuUaHon  ofajixed  star  by  tkt  mmm,  at  any  gittn  placi. 

The  method  of  projectin]|;  nn  ucciiltation  is  nearly  the  same  as  that  of  an  cdi^iT 
the  suji,  but  to  sa\c  the  trouble  of  rcrcrcur:e  it  vas  thoaght  expedient  to  give  Ike  tA 
without  abriilsmcni. 

RILE. 

To  the  timo  of  the  ecliptic  coi^innction  of  the  moon  and  star,  given  in  the  ^aip^ 
nf  the  Nautical  Aimannc  (or  cukuUtcd  by  Prol).  III.)  add  the  lon^tude  of  the  pro|witf 
fjace  turned  into  tinii.',  if  i:a:>t,  but  subtmrt  if  weiit,  the  sum  or  ditfcrcnce  will  be  die  tiw 
iif  conjunction  nt  the  propo!#cd  pUu:c.  Corrcspunding  to  the  time  of  coDJonctioa  ti 
G'cpcnn'icb,  find  by  Problrm  1.  the  uioon-s latitude,  horizontal  parallajc  and  semi^diaiBettr, 
aldo  the  8un*8  ri^ht  ahceiisiuii..  Thuii  by  Problem  II.  Gnd  the  horary  motion  of  tke 
Ml  longitude  ami  latitude^  and  by  Tablri  VIH.  and  XX XVII.  the  star's  Right  i 
Di:c1iiiatiun,  Longitude  and  LatilUiW'.? 

.  Draw  the  line  ACB  (Plate  XII.  fi.:;.  ;?.)  r«-prrsentin<r  a  parallel  of  the  ecliptic  _ 
througli  the  star,  and  perpendicular  thereto  the  line  CPK.     Take  a  scale  of  eqoal  yub 
to  measure  the  lines  of  the  pmjcetion,  and  from  it  take  an  intcrral  equal  to  the  dife^ 
eii6c  of  the  latitudes  of  tlu:  moon  and  Mtar,  and  apply  it  to  the  line  CR  from  C  Id6 
irbove  the  line  ACB  it'  the  nioon'd  latitude  is  north  of  the  star's,  otherwise  MnD^*. 
Take  CO  equal  to  the  ii)rary  motion  of  the  moon  iu  longitude,  and  set  it  on  the  liae  CB 
to  the  ri;!;ht  hand  of  C  to  0  ;  take  CP  equal  to  the  moon^s  horary  motion  in  l8litii£B 
tiund  with  its  si^n  hy  Problem  II.  and  set  it  on  the  line  CR  from  C  to  F,  ahoei*  At 
line  ACJB,  if  its  si;;n  is  — ,  l)clow  if  -f--    ^^i"  ^^  which  represents  the  horaiy  moCioa 
of  tho  moon  on  her  orbit,  and  parallel  to  tliat  line  draw  the  orbit  of  the  moon  JSGLf  m 
which  are  to  be  marked  the  places  of  the  moon  before  and  after  the  co^/uoetiba  tfj 
means  of  the   horary  motion   OP,  so  that  the  moment  of  the   edmtic  coDJanctito 
at  the  proposed  place  may  fall  exactly  at  the  point  O,  aj»  in  the  figure  where  tb 
cQ((jur«nion  U  atl^h.  ■12'.    This  may  be  done  by  making  OF  equal  to  the  tnasreae 
distance  60,  fiO,  on  the  line  of  lines  of  the  sector,  tlicn  measuring  from  the  same  lines  tk 
CraasTcrsc  distanec  corresponding  to  the  minutes  anc|  parts  of  a  minute  in  the  tine 
of  the  ecliptic  conjunction    at  the  place  of  observation,  and  setting  it  on  the  li* 
GN  from  G  ton'anl.<«  thi*  right  to  the  point  r,  the  place  of  the  moon  at  the  fir^t  irhib 
hoUrf  preceding  the  coiijunction  (which  in  the  present  figure  is  I8h.)    Then  theditfncie 
OF  being.takcn  in  the  compasses,  and  set  from  x  to  the  right  hand,  gifes  succesiiTdy  lis 
ifreccdin;;  hours,  and  the  sa:uc  distance  set  to  the  left  gives  the  following  houn,  ti  if 
the  figure,  uliiTc  they  arc  marked  17h.  I8h.  1%.  20h.     The.«e  hours  arc  tobedWded 
info  bO  oipiul  parts  representing  minutes,  the  scale  being  taken  sufficiently  lazge  for  tktf 
pvposc.^    In  the  present  figure  the  subdivisions  are  carried  only  to  five  minutes.   Tikf 
the  moon*8  horizontal  parallax  from  the  scnie  of  equal  parts  for  the  radius  CB;  with 
which  on  the  centre  C,  describe  t!ie  circle  BllA  cutting  CR  in  R.     Open  the  sector li 
the  transvrr.-ie  distaner  60-,  60- ,  on  the  line  of  chords,  is  equal  to  the  radius  CB,  flrf 
measure  from  that  line  the  trantverse  distance  S  :    *28'  (equal  to  the  obliquity  of  Ae 
ecliptic)  which  ^ct  on  tlie  circle  AKB  on  each  ^ide  of  R  to  T  and  U.    Join  TU  cotnai 
CK  in  Q.   On  Q  as  a  centre,  with  the  raiUus  t^T,  describe  a  circle  T YUV,  on  whirk  set 
oflf  the  arch  TV V,  equal  to  the  stir's  longitude.    Through  V  draw  the  line  W  pardM 
to  Cit.    Open  the  sector  till  the  transverse  distance  90-,  90^',  on  the  bines,  is  eqwdtolte 
radius  CB,  then  take  in  the  compasses  from  tho  same  lines  an  extent  equal  to  the  tnib- 
i:erse  distance  corresponding  to  the  complement  of  the  declination  of  the  star,  aodvtt 
one  foot  iit  C  sweep  a  small  arch  t  j  cut  the  line  VP'  in  P'  the  place  of  the  pde  of 
the  earth. *t     Draw  CP',  and  continue  it  on  either  side  so  as  to  cut  the  cude  ARB 
in  tile  point  W  situated  tthore  AB,  if  the  latitude  of  the  proposed  place  is  noi^  but 
below  if  south.     In  the  proposed  figure  the  latitude  is  north.     (If  it  had  been  sooth 
the  lower  part  of  the  circle  ARB  ought  to  have  been  made  use  of.)     Open  the  sector 

V  In  MrlrUietis  lbMi>  quHiitiilos  ought  lu  lie  rorrectc  J  f<ir  Aberration  iiud  NutatiuD  by  Tabla  XXZDL 
— XLIII.  bui  thp  correction  i*  st>  i^mall  iliat  it  niav  alw^rs  be  iieplectnl.  If  ibe  Uight  Amentum  ni 
D^ijlnation  oii!y  are  kiv^,  Ibe  Inilturie  and  Iiin:ritude  iii.iv  lie  found  by  Pruliicai  XIX.  and  if  ihr 
l.*il»T  are  siveii,  the  foruKT  inny  be  CHlculaieil  liy  Problem  'XX. 

!*  In  the  fi^r«  ilh*  p<iint  Cr  U  pUiced  alKive  M'-K,  t»t*cau>e  tlM  nnwn  is  in  «  Icr^s  MHithcra  fadhsili 
thzn  the  Alar.  Thi^  |»:irt  of  the  rule  m.iv  nUo  lie  thu«  mprefMnl.  Find  ilir  moon*«  latitude  vitb  ill 
sicu  a*  in  Pn>blpin  II.  Prefis  ihv  -It^n  +  to  the  stxu*f  I-iiitude  if  Doriii.  Uie  si?n  ~  If  fooih.  AM 
thv  laiiiuHef,  nolicinfr  the  .■'i';ni  as  in  (iltffbra,  ami  the  distance  00  w:ll  be  ofata:i:cU.  Il'  lu  sica  b— 
llie  iMHnt  (}  Is  to  be  |il.ir>f  il  aU*ve  (\  but  below  C  il"  the  >;gn  is  -f. 

•  See  note  with  Ihi-*  uiark  in  r»««'  •'^^'i 

t  See  note  with  fbin  niarli  in  pn^e  o»i 

^  Rre  nol«i  with  lhi«  m^rk  In  jiace  ojA. 

**  Thedisuince  of  the  line  WV  from  the  line  CR,  the  s:(iJatf»n  t^r  iU  miot  I'  wl  tl-c  !«fb  ef  H* 
fPfSlt»tOf,m.iy  !ie  foun.J  as  iu  tho  note  ^  page  501. 
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aaVetalt  so  u  to  make  tbe  trtusTEnc ili.-'tuire  of  60-,  60-~,  on  thechardi,  equal  la  CB, 
>nd  tmke  the  chord  of  Ihe  complcmenl  o(  the  latitude  of  tbe  place,  rluEh  k(  fram  W 
on  etch  side,  to  D  ami  if.  n  ith  the  lamc  opening  of  Ihe  lector  measDR  Ibe  chord  ef 
the  ■tai'i  declination,  which  sel  on  the  circle  AHB  from  the  point  D  on  each  tide,  to  E 
and  F,  and  fr  m  d  on  each  side  to  t  and/.  Onti  Ihe  dolled  linet  F/,  Dd,  £r,  cuttinj 
UW  in  If^,  n.  Biicct  J  n  in  r,  and  erect  the  tine  1  r  u  perpendicuhir  to  CW  and  make 
r  r,  r  u  each  equal  to  f  D.  Open  tbe  teetor  to  make  the  traniTcrK  diitaiice  90-,  94P,  on 
tbe  line*  equal  lort,  and  on  cacb  >ide  of  r  maiii  on  the  line  (  ru  ihc  sinea  of  13^,30°, 
45',  60%  T5-,  (equal  to  lb.  3b.  3li.  4h.  5h.  rcipcetitelt)  to  thai  radius,  and  mark 
tbe  point!  wiUi  ihoH  degieei  as  in  the  ligurc :  Ibroiigh  these  points  draw  tbe  dolled 
tines  parallel  to  In  as  in  ibe  flfcun.  Open  the  sector  so  llial  tbe  radiua  r  t  may  eorrvs- 
fand  to  tbe  tiansrerse  diitaiice  W- ,  SO  ,  on  Ihe  sines,  and  meanitre  the  complcmcnls  or 
tbe  roimer  deKreei  as  transiirrse  di;<unres  on  tin-  sinw,  »il.  75-*,  ft)-,  45-,  30-,  li^',  and 
fri  them  on  tbe  aboTe  dolled  l.nea,  Dn  each  side  nTlhc  puinli  15~,  30-,  &c.  reapectirelj, 
ahOTe  and  below  the  line  I  r  u.  A  rc^tLr  curve  n  f  /  H  ii  drawn  through  the  eitrcmities 
of  Ibcae  dottedlinea,  will  repre'riil  ttiepalhof  tbe  ^pectilorin  Ihegiven  latitude.  Sub- 
tract the  sun'a  right  aacenninn  from  the  star'-  (increasing  the  Isller  by  !4  boun  wbeii 
rtecesavy)  the  remainder  will  be  the  hour  uf  Ibc  -tsrV  p»»ai:'=  tlic  meridian,*  whieb  ia  to 
be  nailced  at  the  upper  pointf  uf  tbe  path  if  Ihe  star''  dci  iination  is  south,  but  at  the 
lower  point  n  if  the  declinatiDn  is  north.  The  other  hoi:ri  are  to  be  marked  from  this 
point  towards  the  left,  by  marking  succe*si>elv,  ut  thi'  points  .where  the  dotted  lines 
meet  the  path,  ttic  hourofthe  atarV  paning  tbe  meri-'laii.  inrivased  by  lb.  3h.  3h.  &c. 
complelel]'  round  the  curve,  uhatmiijttiiTrjerl  9-1  bbu.v  whin  the  sum  exceeds  34h.  bi 
the  present  example  tbe  star'*  dcclinaii-m  it  aoulb.  ruiiaeiiiiculiy  the  upper  point /of  the 
path  is  taken  for  Hie  hour  of  paa'ing  the  merirtiin  I'Ki.  54'.  Tbe  extremities  of  the 
dotted  lines  to  tbe  leA  being  uiorhed  jiurce-^ively  'Jtlh.  31',  Slli.  5i;  dSh.  5^1',  i3h.  54', 
Ob.  54',  Ac.  The  path  touchc>  t!ie  rircie  .\RIiialwo  point*,  rTprt!!<«iiting  Ibe  pointsut 
rifing  and  aeltin>  of  ^  slur,  whii.li  in  tlie  ftvunl  !)inir«  are  I4h.  9'  and  lb.  39'.  Tbcw 
points  divide  thu  path  into  two  part',  of  wliicli  one  riprcwnta  the  path  while  the  star  is 
■boTe  the  horizon.  Ihe  other  nl.eii  l-el'iw.  a-  i«  eridcnt  from  ihe  hours  marked  on  Ihe 
curre.  The  half  hnurs  ornni  otiicr  ielrniH  >tinti.-  time  nin>  ke  niarkeil  iDaaimilar  man- 
lier. Thus,  for  Ihe  time  4h.  ^-j'.whkb  is 'h. :  H'ur  33  HI)' from  Ibe  lime  Th.  .M',  marbci] 
■t  the  point  n  ;  set  the  sine  of  .'iS  •  to  the  radius  r  t  from  r  to  h  on  tbe  Une  rt,  nnit 
erect  the  per]>rndicLilarhi,  equiltothesinr  of  37  i|  (nbk-h  is  the  complement  of  5  j~i)  u 
the  radius  rn,  and  Ihe  point  '  will  represent  tlic  plai>-  of  Ibe  spectator  at  Ibe  proposed 
time.  In  this  way  the  baleen  and  quarlirrs  of  liDiir~  may  be  marked  on  those  parts  oC 
the  pelh  where  necessary.  Tbe  stuallcr  auhditlsion^  may  generally  be  ohtajacd  to  • 
ni&icirnl  degree  of  ciarlne^s  by  diiidingthe  quaiteri-  of  boars  into  equal  parts. 

Take  from  the  scale  of  equal  parts  an  exicnt  equal  to  tbe  senii-diuneter  of  the  moOD, 
and  b^inning  at  the  line  NI.  tonards  N,  rind  li)  trials  the  point  p'  of  tlie  moon's  path 
and  Ihe  point  Z'  of  the  path  uf  the  spectator,  marked  with  Itie  same  time  and  at  lliat: 
distance  span.  That  lime  jiill  In  the  '  rginninp  of  Ihe  occiiltation  Or  immersion  at  tbe 
propoaed place.  Pnireed  iiitlie  same  v>n>  Inw.irdsthe  point  I.,  and  find  the  pointa  p,  Z, 
at  the  stioe  distance  apart,  the  eormpumlin*  tiniL-  v.ill  he  the  end  of  the  occultatioii 
•rcmeivion.  .\bapt  tbe  points  p',  p,tis  ccntrr^,  tviih  a  railini  equal  to  the  moon's  semi- 
dianeter,  ilearribe  the  amall  elrek-s  meeting  the  pailii  of  tbe  spectator  in  tbe  points 
!ff,Z.  ThcK!  circles  will  n-prewnt  llie  niaoii'' di<e  :  the  point.* /.',  Z,  the  placea  of  the 
■tar,  and  the  lines  CZ',  CZ,  the  (crtiral  eiiclis  possii^  tbrou;^  the  alar  at  Ibc  times  of 
immersion  and  emersion  rctpcrtively.  To  render  this  part  of  the  srbeme  more  diatinet 
10  tbe  eye,  it  L->  drawn  lepanilcly  in  Fig.  9,  Plate  XII.  in  which  the  point  C,  p'Z',  arc 
siuilarly  situitcd  to  the  corretiioii.liiig  paints  of  Fi^.  P,  marked  with  the  same  leltrra. 
Tbroughp' draw  the  liiicii';ie' pjn>!lcl  toCZ',  to  mert  the  moon's  diM'  ins',  c*.  Then 
tbe  circle  J  Z'  c'  being  hchi  hilwr'n  the  eye  of  the  ohMrirr  and  the  sun,  tbe  engravcil 
UT  marked  aide  of  the  figiirc  towanli  thi-  eye,  and  tbelin:CZ'(ora'/c')  in  a  vertical  pu- 
■ition  with  the  point  '/,'  above  C,  will  reprc-ent  the  appearance  of  the  moon  and  star  as 
viewed  by  (be  nak-.d  eve,  c' will  represent  the  upper  part  of  tbe  m'lon,  a' the  lower  part, 
and  Z'  Ibc  point  of  ecntact.  Tbe  coTitr:iry  wiU  be  obsirved  if  the  utijeet  be  viewed  by 
an  iuvenin);  telncojie.  Il  will  general'y  'x  conducive  to  the  accuracy  of  an  obfcrvatioii 
10  litnale  in  this  manm-r  tbe  point  uf  emerjioii,  to  a*  to  keep  that  point  of  the  moon'H 
limb  in  the  licM  of  viewuT  Ihe  lelefeuiie.  aiii!  Ihe  eyedirectid  towards  thai  point  of  the 
limb,  ID  B.S  to  pereeire  the  slai  at  (hn  nr-l  iiittant  of  its  appcanince. — The  siluition  of 
llie  point  of  emersion  with  rCKprrtto  the  hnrm-p.  9.  of  die  moon  ntay  also  be  made  use 
•i(  for  thia  purpose.  The  line  a  p>  coiineetins  the  mnnn's  bom',  ia  nrariy  parallel  to  the 
line  CK,  except  teiy  near  the  new  ur  full  looon,  so  that  in  gi  otral  it  will  be  aufficienlly 

•  Or  rsilw  Ibe  Gsfaiy  difiann  ul  ihe®ud  3^  siihc  crje  cf  ibe  trli^lc  conJiircTloD  tt  lii 
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rorroct  to  draw  tLro>ig;li  pxhcVmeppV  paniUcl  to  CR.  If  greater  accoAcy  u  rfquiic^ 
iUc  ibilowiiig  con!>lriK'iioii  niny  be  muJc  use  of.  Subtract  the  9uu'a  lonj^itndf  frcBtW 
inoon*5y ^  make  the  arch  TVLX  ccjuul  toth<?  remainder,  and  joiii^>.  Set  on  tbetav 
rircic  the  arch  T/9  equal  to  the  inooirs  latitude ;  b.  Iw  the  point  T  if  that  laUtode  ii 
fouth,  aboc'  if  north.  7!i}citgh  {S  (  raw  the  tine  0  to  |jaralicl  to  TQ  to  cut  QX  in c ai 
CR  in  6.  Tike  the  extent  UT  and  sit  it  on  the  line  6  \  above  d  to  ft.  Join  ^  c  and  pl^ 
allol  thereto  throui^^h  /<  liniw  the  line  p  fi  0  cutting  the  moon^s  di«!  iil  the  points  p  Srifv- 
tteiitingthe  horns,  the  ii^uvt  licin^  viewed  m*  above  directed.  The  enlightened  pQcr 
the  moon  'a  tb:it  uearcet  to  the  itun,  tiie  dark  part  is  the  mo!»t  distant  firom  iL 

Required  the  times  of  immcrr<ion  andcnien>ion  of  Spica,  Dec.  12,  ISOS,  alaftesA 
(De  latitudt?  of  iO    N.  and  in  the  bnu^itude  of  Ih.  9m.  eaNt  from  Green r.icfa  7 

By   the   first   page   of  the   Nauliciib        rTTvTKTF 

Almanac  for  the  month  of  December,  .  uhjh...  rii.n  hi  Uii^uwitb  D^ 

1808,  the  time  of  the  evliplie  eon- 
junction  of  the  moon  and  Spica  (mark- 
ed ])  a  !'>:)  was,  December  r2,  17h. 
33'  at  Greenwich,  eorrc.-ponding  t<i 
l&h.  42  at  the  propuseil  place.  .\t 
tfic  time  at  (irecuwich  l7b.  :vS  tbs 
elements  of  t*ic  occuliatinn  iTcrc  ab 
in  the  adjoined  Table  caleiilated  by 
the  above  rule. 


liunin-  iiu<t.  bi  Ion*;.  I'rob.IL 
])'■>  honirv  mot  in  IrI  FroTi.  II. 
>(cV  loncitudH,  Tab.  XXXV IL 
..  .  fl"  l«ii:ndi  liy  N.  A. 
Draw  .\('IJ,  and  pcrpen.'licularl^^iiui.u. ■,  lab  XXXVIl. 
thereto  the  line  C(;V.  .M.ike  CG  Uifl*  d  la  lu.U- J)  .N.of  :jc 
rr,n:il    to    the    iliHere.nre    bptueen    *''^L^"'''""""" 


I.on^i-.Uile  L.  fnnitdit. 
<■•>■)  I  unci  tun  nt  y\acr  of  obserralion 
^I'.R.n-ci-n.  Tab.  VIII 
•)%  H.;i]>ci»  bv  N-  A. 
^  pns^f'i  the  mcridi.in 
Laiiiu(ii>a>f  t^>- place 
D'n  liori7iintiU  iMiiailnv  by  K.  ^ 
^'«  »''nn-<tiaiiiel>'i  by  X.  A. 
1>* 


Iiititudc«i  of  the  moon  and  ritur  12  'JO  '  taken  from  a  txa'e  of  equal  parts,  the  point  Gbc- 
ing  above  C.  !»eca'.i&c  the  nioun  i<  nurthvvnrd  of  the  star.  Make  CO  equal  loihe  moM^ 
horary  motion  iu  longitude  M)  'i:V'.*2  to  the  right  of  C  ;  and  CP  ecjuatto  thehoraijnih 
tioa  in  lutitulc  3'  "2".  7,  the  point  1'  bein'^  ab<»vc  C  Inreau^e  the  sign  is —  (or  the  Islitodr 
is  south  derreasin;::.)  Drav;  Niii  p:jira!!el  to  i'P.  Make  t>P  a  transverse  distaacesf 
60, 60,  on  the  line  of  \h\vs  of  thf  riecior,  and  measure  from  the  same  lines  the  tiwisTtne 
ilLstanco  1^,  '1'i  (rorresponiliiiu  to  the  minste.s  in  tlie  time  of  the  roi\jiinction)  this di5- 
tunce  Aeton  the  line  (iN,  from  G  towerhtlu:  ri^ht  hand,  reaches  to  the  point  xof  tlx 
path  where  the  hour  prrreding  the  eonj'.n.tion  is  to  be  niurked,  viz.  iSh.  Tike  OPi« 
the  eompasM's,  und  mark  it  on  the  line  i.N.  from  x  or  KSh.  to  the  right  to  I7h.  aodtotfae 
h:fl  to  i9h.  *JOh.  &e.  TheRc  an;  sulKli\l<]ed  into  five  niinutcit,  the  srale  not  admilA; 
of  smaller  di\iMons.  Take  t'lc  moon^ni  parallax  TfS  r>.~i  .!!i  from  the  scale  ofeqnl 
partd,  an<l  with  that  radium  deseriLc  about  the  centre  C  the  rirele  ARB.  Set  off  {If 
me?.n?  of  the  sector)  the  arches  R\\  K(  ,  cuch  equal  to  '2.^2^'.  JoinTQf,  aodabMt 
that  <liami  t-rr  di  j»erilM5  the  circle  TVr\'T.  Mak»:  the  arch  TYV  equal  to  the  star's  lofr 
j;ilude  -it)!"  lO'  ol ",  which  is  done  by  making  the  arch  I.  V=2l-  10  -M".  Drtw^T 
parallel  to  CM,  and  with  -in  extent  equnl  to  the  complement  of  the  starts  decUaalifli 
79^50',  tnke;)  as  a  trans^verfc  distance  from  the  sines,  with  the  radius  CB  ;  ladwiA 
one  foot  in  C,  sweep  an  aix'h  cutting  P'V  in  P'.  Join  CP' and  continue  it  to neettk 
circle  ARB  in  \V.  Sot  on  each  side  of  \V  the  arches  WD,  \V(/ equal  tothecoh 
plrmcut  of  the  Intitude  of  the  plnce  70  .  Make  the  arches  DF,  DE,  if/ieod 
equal  to  the  star's  declination  10-  10',  and  draw  the  lines  F  < /,  D  q  tf,  Ear,ctf- 
ting  CW  in  /,  q,  t»,  Biiscet  /  «  in  r,  draw  t  r  v  parallel  to  D  i/  d,  and  make  rl^fi 
equal  to  f/  D.  Throiigh  the  points  /,  f,  ;i,  n,  i,  draw  the  path  of  the  spccfatvu 
taught  in  the  aliovr  rule,  and  mark  the  hour  of  the  star's  passing  the  meridiM  19L 
.''«.V  50"  or  l*)h.  ;i !',  at  the  upper  point  /,  bef-ausc  the  starts  declination  is  soolk. 
Mark  the  followitii:;  boiirs  in  nueressiun  *iOh.  54',  21h.  54',  &c.  to  the  left,  is  in  lie 
fipfurc.  Take  nn  e\i«^nt  in  t^e  compasses  equal  to  the  moon^a  setni-diaiiirter  1^ 
19".8  and  beirinning  townrds  N,  f.n<l  as  above  directed  the  points  p\  Z\  atthatdih 
tance  apart,  an<l  marked  witli  the  !?3me  time  l6h.  57',  which  w  the  time  of  the  ii  " 


sion.  Proceed  in  tlie  same  v.ny  for  the  emersion  corresponding  to  the  pointipvZ, 
Rt  the  8ame  (distance  apprt,  wm^  the  time  of  the  emersion  l8h.  Ity  will  be  obtiiliei 
^Vith  the  iiame  extent  dcseri'ie  nhont  />  and  ;>'  the  small  circles  reprcaentiDg  the  Ok 


*  In  «lrirtnf-<*  l^r  loniriturie  nn<l  Ihi  e.iiii-  «if  iln-  n-non  at  tbc  time  nf  bnrncrslon  or  wiurcwHi 
bo  niiid-  i'-«'  •» .  ».»t  i(  w  1!  !ie  hUlii.'i*  i.:'v  e;;!!-!  '.i  n-rrht»  "trarS  Inn^i-udf!  inirpvdof  tbeoKKNi-* 
in?  it  hy  G;"0*'  whm  \f-s  timn  f»je  fuu"  h»n:»ii!uU)  him  ihr  nimin'*  Iniiiinte  ai  iho  omjunrtlim.  4 
f.Ab''«'ini':  o-if"  B«ii!!i-  nKur.'*  p-.inlhx  :vv  .  '^;I»'?lcd  in  the  va;i»e  v(  the  arch  TTV\. 
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or  Ihe  moon  at  Ibcsc  times,  and  culling  llic  path  ot  the  ^nrcUlor  ia  tlie  poiut  Z,  Z'. 
Join  CZ',  C/f,  and  parallel  la  CZ',  rlraw  r',  j>'  n'  Piilliii"  llii.'  maan';!  disc  in  t',  a'  (its 
in  Fig.  9,  P.  XII.)  uicl  tbe  urh  i  Z  uill  rcpre^ciil  tlic  iliMniicc  of  the  point  of  imintr- 
■lon  Irom  tlie  lower  pan  a"  of  the  moun.  i  hi'  line  CZ  rum  neirlj'  thrain^  the  point  p, 
ao  Oiat  tbe  lop  p*rt  of  the  moon  c  and  the  point  Z  ne  krlj  coincide,  con:«(|U"DU]r  the 
cmeniOD  h^ipened  nesr  the  moon's  zenith,  iir  lublnctini;  the  sun'a  longitude  Htl'  T 
fron  the  moon's  or  itaT*!  101-  10',  (increa.-^-d  br  J6U- )  thi' n.-nia>nderij  3(W-  3*,  which 
it  to  be  marked  on  the  circle  Tk  I'V  to  Ihc  point  X.  Make  Ihi  artb  '<  j]  equal  to  llie 
uoon'i  latitude  1-  49*  53",  tailing  the  point  It  beloiv  T,  becaiisv  Ifac  latitude  is  south. 
Dnw  tba  line*  1  Q  il  ■  J,  ji  i,  p  />  0  as  in  Ihe  rule,  and  the  points  |>.  0,  vill  represent  llie 
places  of  the  moon's  hom<.  The  paini  of  emersion  Z  n ill  be  to  tUc  ncitirard  at  th« 
upper  honi  f,  tbout  60-  measured  on  the  moonN  limb. 
REM.IRKS. 

I.  When  it  ii  thought  necessary  to  take  notice  of  the  spheroidal  torm  of  Ihe  eaflti, 
tha  coirectiona  of  latitude  and  paraJlai  of  Tabic  XX.WIII.  muil  he  nibtrartcd  from  the 
tatitude  of  the  place  and  the  moan's  buriiontal  parallai  rcspertivclj,  to  obtain  the  lati- 
tude  ftod  p«rallu  to  be  made  uic  of  in  the  aVovc  rrile. 

S.  SuUnct  3"  from  the  niooa'a  ncmi-dianietcr  given  by  the  N.  A.  the  remainder  is 
to  be  ude  use  of  wtltoul  augnunlcliaiy,  on  account  of  the  altitude  of  [be  moon. 

3.  The  corTEctiona  for  the  change  of  the  Mioon'a  srmi-diatniter,  horiianlal  parallax, 
and  boraij  motion  during  Ihe  oocullation,  are  neglected  in  Ihe  ;.bove  rule,  ni  not  mate- 
riallj  afleding  the  nsull. 

4.  The  line  C  Z',  measured  on  the  sinei  aj  a  transicrse  distance  to  the  nidiui  C  B, 
will  be  the  star's  lenith  distance  at  the  initnenion.  to  a  similar  manner  it  ma;  be 
found  at  the  emersion  at  Z,  or  at  an;  other  point. 

5.  The  curTD  [  I  n  u  majr  be  made  \o  ansver  for  inj  latitude,  as  in  Problem  XI. 
Denvk?. 

CaJntUion  i/im  Otadtation  of  a  Plmil  Ay  IHc  Moen. 
Bj  a  similar  prooeu  the  times  of  immcrsiao  and  emereion  uf  a  planet  mnj  be  (aU 
culled  bj  finding  Ihe  planet's  right  ascension  and  declination,  geocentric  longitude  and 
latitude  iroin  the  Nautical  .Almanac,  and  using  Ihem  instead  of  the  liar's.  Also  by 
Prob.  II.  4he  borer}  motion  of  tbc  moon  Irom  the  planci  in  lon^tude  and  latitude,  (rhieh 
•re  to  be  umhI  inMcad  of  tbe  honur  moli<m  of  Ihe  moon.  In  this  projection  it  will  not 
be  neeesniy  lo  laLe  notice  of  Ibe  paiallai  of  tbe  planet,  but  it  mat  be  eaiilj  allowed  for, 
by  taking  Ihe  radius  C  B  equal  to  the  iliHcrencc  ijlbc  horizontal  parslIaxCB  of  tbe  moon 
and  planet.  Tbe  apparent  diamcler  of  the  planci  ma;  aho  I*  ncglcrteil,  making  tlie 
distances  pZ,  p'£  equal  lo  thr  moon's  scmi-dL-imrier.  l^'bFn  grcnl  aecurar;  is  required, 
the  sum  of  the  semi-diamelen  of  tbe  moon  ami  plnnct  muil  bi  made  use  of  for  Gmtin; 
the  cxtemal  eoatacts,  and  their  difcrcnre  for  tbi:  intern^  eonlacls. 

PROBLEM  Xin. 
7*0  co/cu/alt  lA(  itpnnia^  or  eni/i/s  i^ar  Eclipjf. 
Rl'L£. 
This  must  be  done  br  appro limalion.  b;  aiouming  a  time  Ibr  the  beginning  or  eud  or 
(be  eclipie,  a*  for  ciamp'e  Ihe  time  olilained  b;  projection  bj  Problem  XI.  tbe  lime  of 
new  moon  tl  the  place  of  obsenaliuii,  or  an  hour  befure  or  after,  according  as  it  ia  Ibe  be- 
gteoingOTcnd  of  Ihe  eclipse  that  ia  sought  Wilb  this  lime  calculal'>  tbe  elements  of  Ihe 
rrlipae  aitd  Ihe  parallaics,  as  laiifchi  in  tha  Hrtt  part  of  Problem  VIII.  The  parallucs 
applied  to  t^  longitude  and  latitude  of  Uie  moon  bj  tbe  N.  A.  nill  give  Ihe  apparent 
longilude  and  brtilude.  Find  the  diBtrenee  of  the  ai^aivnt  longitudes  of  tbc  moon 
Md  ran,  and  from  iu  prop.  log.  incrtasing  the  index  bj  10.  subtract  the  prop. 
tog.  of  Ibe  moon's  apparent  latilude,  tba  remainder  mil  be  the  log.  tangent  of  an 
a^le,  whose  corresponding  log.  cu-niiK  is  to  be  addcl  lo  the  prop.  lag.  of  Ihe  difll 
of  longitudes,  Ihe  lum,  rejecting  IU  in  ihc  iiidii,  will  be  the  prop,  log,  of  tbe  ^iparent 
distance  afthJe  centres  of  Ihe  sun  and  moon,  which  oitgbt  to  be  equal  lo  the  mm  of  Ihc 
cRiccted  lemi-diameters,  if  Ihe  assumed  time  was  coirecl.  If  this  ia  nol  the  case,  Ihc 
npenlion  nuislhe  repealed  with  an  assumed  time  diflerinj  a  few  minutes  from  tbe  formeV, 
•Dd  tbe  apparent  distance  of  Ihe  centres  of  Ihc  sun  and  moon  must  be  cAlculaled  in  Ibil 
Bntfuppoiitian.  Thenidd  together  the  arith.  comp.  ofth,'  prop.  log.  oftbedifiercneeorihc 
appareM  distances  thu  calculated,  Ihc  prop.  log.  of  tbe  dificrcnce  between  Ihe  Brst  cakula- 
tod  dislUKC  and  the  sum  of  llie  -euii-iiiiuBcleni,  anil  tlie  prop.  log.  of  the  interval  of  time 
between  the  two  suppositions,  tbe  sum,  rejecting  10  in  ttie  jnilei,  wil'  ba  Ihe  prop.  lof. 
oTlbe  correction  to  be  applied  to  the  lir>I  a--EU0icd  lime,  wbich  at  the  beginning  uf  an 
edipae  it  to  bo  adcfed  (o  the  first  assumed  time,  if  tbu  distance  be  p-ealtr  than  the  sum  of 
(be  semi-diaiaetert,  but  imitraclid  if  Irts ;  and  Ihe  conlraiy  in  ctlcubting  Ihe  end  of  an 
rrUrrv  :  the  fmn  or  Aiecrrnee  will  be  the  apprnrimir  lime  of  the  beziofiiiQ  or  O'l 
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of  Uic  crlipsG.  If  great  nccurary  u  required,  the  operation  may  be  repeated  with  tus 
npprozimatc  time,  combining  thist  result  with  one  of  tlic  former  suppcMitiom,  and  tni 
the  operation  may  be  repeated  tiU  the  apparent  distance  of  the  centres  at  the  aaiUMi 
time  is  found  to  be  exactly  eqnal  to  the  sum  of  the  corrected  scmi-diametcrs. 

Remarks     Ttiis  rule,  with  some  modification,  will  answer  for  calculating  tiie  tine  of 
an  occultation  of  a  fixed  star  or  planet  by  the  moon.     In  thin  caM:  the  star**  Im^tndtii 
to  be  fdAind  in  Table  XX \  VII.  and  corrected  for  the  equation  Fables  XL.  XLI.  (or  tat 
planers  longitude  is  to  be  taken  from  the  Nautical  Almanac)  the  difierence  between  tiii 
and  the  moon's  apparent  longitude  comssponding  to  the  assamed  time  being  fomd,  ib 
prop.  log.  is  to  be  adilcd  to  the  log.  secant  of  the  moon's  apparent  latitude,  and  the  pnii 
to  be  used  in  finding  the  distance  of  the  (centres  instead  of  the  prop.  log.  o£tktSS.\m^ 
of  the  sun  and  moon,  with  the  index  increased  by  10.     The  latitude  of  the  stnr  isttk 
found  by  Tables  XXX VII.  and  XLI.  or  the  planet^s  latitude  by  the  Nautical  .\lBuar, 
and  added  to  tlic  latitude  of  the  moon,  if  of  a  different  name,  otherwise  their  diftRocr 
is  to  be  tnkcn  and  made  use  of,  instead  of  the  moon's  latitude  in  the  abo^e  rule.   Lailly, 
instead  of  the  snui  of  the  acmi-diamctcrs,  the  semi-diameter  of  the  moon  is  to  be  aade 
use  of.     When  very  great  aecurary  is  required,  in  calculating  an  occuilation  ofafinct 
by  the  moon,   the  ilifterence   of  the  parallaxes  of  the  moon   and  planet  deatmti 
by  the  correction  of  Panillax  fable  XX Will,  is  to  Ite  made   use  of  sa  the  redoeed 
parallax,  in  finding  the  parallaxes  in  longitude  and  latitude.     When  the  appannt  di^ 
tance  of  the  centres  of  the  moon  and  planet  is  equal  to  the  sum  of  their  semi-ditBCttr', 
their  limbs  will  just  appear  to  touch  each  other,  and  when  that  distance  is  eqjol  to 
the  difference  of  the  semi-diameters,  the  planet  will  be  wholly  covered  by  the  moon. 

EXAMPLE. 

Rcqaired  the  time  of  the  beginning  of  the  solar  eclipse  of  June,  1906,  at  Sniem,  b^ 
posing  the  errors  of  the  moon's  longitude  and  latitude  in  the  Nautieal  Almanac  to  be 
unknown  7 

To  abridge  the  present  calculation,  suppose  the  beginning  of  the  ecligse  to  be 
June  I5d.  22h.  6'  1S".1  app.  time,  the  elements  corresponding  to  which  hare  been 
calculated  in  Problem  Vl. ;  namely,  X's  apparent  longitude  84^  &  30^.3,  ])*s  qfi* 
rent  latitude,  1'  55".8  N.  these  being  corrected  for  the  errors  of  the  tables,  ^.5  nd 
11".4,  hence  the  uncorrected  values  are  84"^'  9'.48".8,  and  2'  7^.2  N.  The  difaaM 
between  this  app.  long,  of  the  moon  and  the  sun^s  longitude  84*^  41'  3^'.4,  ii  31'  if.i- 


IMC.  lone;. 

51'   14'  .C  P.  L. 
2      7   .2  P.  Ii. 

1.9289 

Tan.       B.831&— CorrKSpondlng  comae  099911 

App.Pis.0]>           Sr.  I9"U)        P.L.    .7505 

'diis  apparent  distance  differs  1'  4".  5  from  the  sum  of  the  semi-diameten  if&.^- 
Tt  is  therefore  necessary  to  make  a  second  supposition,  as  for  example  ten  minnteslMffr 
or  at  22h.  16'  18''.  1,  with  this  time  the  elements  are  to  be  again  calculated  as  iDPnUw 
VI.  namely,  D'sapp.  long,  uncorrected  84^  14' 7".  1,  0»s  long.  84°  41' ST.*,  fWr 
difference  27'  10".l,  ])*8  app.  lat.  uncorrected  for  error  of  tables  1'  5ST.8  N. 


Pifll  lonjr.          27'.I0".1           P.  L. 
D  App.  Lit.          1  ^8  .8            P.  L. 

ia82l2 
1.9586 

CoiT0p.  <'ft4 

P.  L.  Ar.  e». 

P.L. 
P.L. 

P.X. 

assi^ 

Tan;. 

■.sesB 

One     M»t 

fSMood  App.  nbL   0    > 

Sr.  H".7 
81.    10  0 

4.      4.3 

1.  4.  5 
10.     a 

2.  38. 
22h.  6.  18.1 

P.  Lt  830O 

First  App.  Dist       0     > 

Piflference 
Dlir.  >«t.  dSgL  k  Semi-diani. 
Interval 

SA345 

Correcflon 

f.8SS» 

Tirtt  supposed  time     15d. 

Approximate  tine         15. 

22.    d.40.1 

irthU  approximate  time  had  differed  very  much  from  the  assumed  times,  it  wodi  k 
nCQesaary  to  repeat  the  operation  till  the  last  assumed  and  calculated  tiniea  agirM. 

rUOBLRM   XIV. 
Giren  the  moorCs  trae  lon^tude  to  find  the  apparent  time  at  GreoucieX. 

RULE. 
1.    THkn  fmm  the  Nanliral  A!mth«nn  fTin  two  1on<ritadn  immcdiM^  fiffcAf 


sum  af  the  Rcond  dUlerences  (nolii^  the  ugat)  Ux  arch  B. 

S.  ToilienHutant  1af=riihin4.fi3»4S  nddihe  anthmcticalcotnp,  loc  oT  A  to  *ccond», 
and  the  \ogizi«hm  OC  the  SjSereaKC  ia  Eecondi  betinwn  the  girca  langltnde  uid  tOt 
•tcond  lanjcitude  UkCQ  ttam  the  Nautical  Alromac,  the  sum,  rigvcting  lu  In  '  'adcx, 
win  be  the  loftuithm  of  the  appraxlinatc  tine  T  in  aetonds. 

3.  Enter  Table  XLV.  vith  the  web  B  st  the  top,  uid  Ibis  lime  T  U  the  tide.  an>) 
End  the  canupaading  correctian  :  lu  the  logarithm  of  irhkb  add  Ibe  txo  fint  Infa- 
rithttu  aboce  (bund,  ttie  sum,  rejecting  10  in  the  index,  will  be  the  camitian  ol'  Ibe  tp~ 
proximate  ttoio  to  be  applied  witii  the  lame  sqrn  aa  the  arch  tt,  and  Ibe  cuircct  afpir- 
TGnt  tine,  cotmtcdofifroia  the  second  dood  or  midit^l,  will  be  obtained. 
EXAMPLE. 
SiippoM  the  moon'a  lon^lude  Dec.  12,  1808,  nla  tm.  19=*  Sff  58".  B«i|ui)<d  tlTc 
JipporeW  time  ?  A»  in  Exsraple  I.  Problem  I.  A=7^  11'  in".=SSa79''.  B=-H'  54".:'. 
:;iij  the  differmee  between  the  glKn  longitude  and  the  Hcond  hxigilude,  lafcen  rraai 
I  K'  Nautiesl  AteaaBe,  6».  ir-'  SI'  Jfr-  i>  i  =  47',3»-.=M4S-  H«nce  (rk  in  ihefoltoninE 
<  'Irulalion)  the  apprnzinuite  lime  put  midnight  li  Sb.  S^"  14",  thb  miiXhe  areh  B  gi>a>. 
n  Table  XLV.  tbe  cquilioo  Sr'.5  wbc;i«D  the  rarnctim  i*  -H<>''.  sod  the  MUEht  time 
or  Dee.  lad.  tfih, 


ui.  s.gDi«i  Ki).  T 


PRUBLCM  XV. 

tiawtid  tatifiludi,  lafiml  thi  langitaiit  b/  the  ^act  aj  vhrntUm. 

RULE. 
To  the  appnreDt  lime  of  ohurtBlioo,  bj  iu>tci>iiomii-kI  computalion,  add  Ihe  BatilDIi* 
red  lonptuile  in  time,  H  nnt ;  mibtnirt.  if  varl ,  (he  lum  or  diflcrenee  will  be  (be  miji- 
t'')ted  time  at  Oreenwich,  eomniuDding  Id  Kbidi  find  tbe  mooD'a  Laltmle  b}  Problem  L 
.l<a  Ibe  longiMde  and  huilude  uf  lh«  SUr  bjr Tdft XXXVII.  and  correct  tbem  for  abcr- 
..iiiDu  and  nutation,  b}  Tahiti  XL.  Xl.t. 
^Viih  tbe  ajiptnvt  allitudu  and  iliilancv  oT  tin  obiecti,  lind  Ibe  nrrrttt  iliiianceby 


Tho  diSerence  of  longitude  it  to  I". 
'  iiiiiniseasi  of  Ibe  itar,  otberwiK     i 

1 1  ■'«irj))  tbenim  Of  diflerenco  Willi"    ■    ■ 

^i  Gn^wieh  rniij  be  found  lij  Prulili.ui  ..i . .      . ... „ 

{imrnt  tinent  theahip  will  be  tlie  l[>ii;;iIuJe,  nluck  nllllu:  u 
I  ireenTJch  be  greater  than  tbe  lime  ai  Hm  ahip,  oUnmUa  n 
KU4ARK. 


Thii  meibod,  with 
Dbwrrnl  dial 


Ofllir 


id  tot,  ofth.  !  '  I'li- 

tudeonbeiur  inlbe  n'  ::im1.- 

linl^  the  HifpondtKtK  .'lit  and  ^uai-- 

■liamMer  «f  the  pttiWLt  ^i  .  >. 

The  Utiludea  of  Ibe  i:i  <  .  ^Iiue  obserra. 

I'nni,  oiighl  not  to  Jifli  I        ,  ^.  .  :_  :   i:n  nHatt™    mo- 

iinn  arbinK  from  this  ■niin-^  li"  tlj"  t.itllrii:-  irt  nl' n  ilitr.-n-.ii  i>i,iiir,  ihcirrem  j  Mb- 
nnie  their  iliSennne  o<I|;hl  In  l»  t<i<iaA,  nnil  if  it  duea  out  eii-ei-d  one  Ibird  paR  of  tbo 
'.iK'tTnCcoT  lunsHiulaid'  tbt  moohrnel*,  lh«j  maf  b  ^iirrtllie  made  Oetf. 


(i04 


TO   FIND   TUE    LONfilTUOE   OF  4  PLACE. 


E\    MPLE. 

Suppose  that  on  the  7th.  January,  1808,  sea  aecount,  at  6h.  57iii.  P.  M.  in  tbeW 
gitu<lc  of  120^  W.  by  account,  the  obHcrred  distance  of  the  farthest  limb  of  the  bmi 
from  the  star  Aldcbaran  was  39-^  7'  4'',  the  obserrMl  altitude  of  the  star  43^  18*,  ni 
the  obser? cd  altitude  of  the  moon^s  lower  limb  52^  52^.  Required  the  true  kiigiirnrti, 
Without  using  the  distances  marked  in  the  Nautical  Almanac,  upon  the  supporiCioB  ttaC 
they  were  not  giren  in  it  7 

In  this  case  the  supposed  time  at  (ireenwich  was  Jan.  6d.  14h.  37m.  ]^*s  borii.  pa 
t's  S.  D.  15  5".     Apparent  distance  of  centres  P  :4c  38^  51'  59",  whnot  (bf 


54'  35",  P' 

the  rule  page  167)  the  correct  distance  is  38^^  47'  26".    The  Moon'a 

from  the  Nautical  Almanac  by  Problem  I.  is  2^  37'  36"  N.     The  Star's 

latitude  is  found  by  Tables  XXXVII.  XL.  XLI.  making  use  of  tiie  longitudeof  As  Mwiri) 

node  78.  28^  \b\  and  the  Sun's  longitude  9s.  15^  42',  as  given  in  the  Nautical  Alun6 

T^ble  XXXVII.  ^  V^ng.  Job.  6, 1808,    GT"*  6Ml'  A       4c  Lntitade      CPOH  .4»'  J  & 
Table  XLI.  if.  Abemdun  +  I6  .7       Aberrmtion  + 


I  ^ 


Table  XL.  EqMt.  Equinox 
>|C  Aiiwrrnt  longitude 


+  15  .2       if,  App.  Lat.      5  S8.51  i?. 


G7   6.52 


CoiTRCt  DUtance 
Lalilnde 
Laihude 


I 


S8.47.  28 
2.37.  36  N.  Sec  OjOOCMS 
5.28.  61  8.  Sec  O.00IU) 


Suia  48.53.  53 


Hair  au.n  23.26.  56     Sim*  9.599^1 
DiiT  ^  sum  and  disL  lb  20.  30     Situ^  9.4SS&5 


ia0fi48t 


y  DiO*.  of  Long-. 
i>iff.  of  lAm%. 
i(S  Longitude 


I 


Lou^iuide 

Lopg.  Jan.  Gd.'12b: 


Piflerence 

])  LongUude,  Jan.  Cd.  Oh. 

6.  M 

7.  0 
7.     12 

C:nm;tanl  log. 
A.:^.57'.2fi"=2U46"  log.  co. 
I.  la.    4  =  474.i"  lofc'. 


18.59.  21 
37.58.42 
C7.  6.52 

23.  8.  10 
27.491   6 


l.lDt    4=4744 
-.—.»    DiA*. 


Sint'  9.51240 
1>  We&tof^ 


5.55.56 

A    557.26 

5^.34 


21.  53.  10 

27.  49.    6 

S3.  46.  S2 

3:*.  4R.    6 
4X>3548 
5.66865 
3.t)7Cl4    Eq.  Tab.  XLV.H-a".4  Loff. 


Mesa  B. 


2  DiS:  ■ 


4GI549 
&GS8C5 
0L973I3 


Arprux.  time21i.  39*  16"=:9556''  Lo^.  S.9<:027 
GorrecUon       -{-  19 

TimcT 


Correclion  + 19"  Log.        ISlTii 


2.   30.  as 


ITonce  time  ot  Greenwich 
App.  time  ill  sliip 

Lungiiude 

PROBLEM  XVI. 


14h.  39'  35" 
6.    87,    0 

&     Z  3C=l20o.Sd'i  w. 


Ciotn  the  intervals  (if  time  btttceen  the  puMOges  of  Uie  moori's  limb  and    find  rir 
over  tvfo  different  meridians^  tofindthed^ereiue  of  lojigitude  <if  the  Itci  ^— s^^-** 


is  supposed  that  the  intenals  arc  given  in  »iderial  time.  The  constant  logiriA* 
4.63^7  made  use  of  in  tbe  rule,  is  t^ie  logarithm  of  43318  seconds^  the  nuaber  of  •* 
conds  siderial  time  in  half  a  mean  solar  day.  In  strictness  thb  quiuitityo^ghtlDte 
equal  to  the  logarithm  of  the  number  of  seconds  siderial  time  in  IS  hoon  mmC 
time,  which  may  diflfer  15  seconds  from  4331S"  on  account  of  the  daily  TviitH"  "f 
the  equation  of  time.  The  correction  aiisins  from  this  source  b  Teiy  anuJ!,  and 
in  general  be  neglected,  thougli  it  can  be  allowed  for  in  a  ? cry  rimple  tw— >^  i 
the  logarithm  varies  an  unit  in«the  fifth  decimal  place  for  l"  of  Ubmu  Henee  teM^ 
rection  of  the  logarithm  is  equd  to  half  the  daily  variation  of  the  equatkm  ef 

'^  L'«e  f-otiyu  ii  vhe  latitudes  ut  of  ibc*  azwic  name. 


1- 


>    nsa  1ST.  DtKFKBSXCE   Or  TB£  Sl'N 


•erooili,  gfna  in  Ob  Nautical  Almanac,  to  be  mbM  l»  4.63MT  it 
lime  ii  maiked  add  snd  is  increvnn;,  vr  mb.  and  dcrrcuing ;  oltieniiM:  ruMriKltd. 
Thm  if  Iht  obKnalion  ws»  ma:de  Julj  i,  1808,  Ihe  equnUon  oflime  it  mnrfred  add.  and 
»  iDFreaaing  daiij  lO*  .5.  b^  ot  ubirb  ot  5  ia  the  cornelian  10  tc  added  lo  4.UM7  10 
obtain  the  IngsrithlD  4.&3b7S,  lu  bv  made  oh  of  Jul}  4,  IMS. 
RULE. 

ir  the  moon  be  otxerred  al  botb  place*  aa  tho  lanic  aide  oT  tbr  iiar,  tike  ihe  dlScmec 
of  Itie  obKncd  interviU,  otherwiM  tha  sum,  wbitb  wduct  to  steuatU  of  nlcrial  time, 
and  find  the  coftespoiidhie  loguriUini,  ts  whkfa  add  Ihe  artth.  pouiji.  log.  of  the  ratia- 
liOD  of  tbemoan's  rigbt  awpnaion*  la  TS  bouri  JD  MCOiidi,  and  the  log.  4,63WJ  (eot- 
raeted  tar  ^  ruiition  of  the  equatioo  of  time,  «•   dlfrfled    abott,  nben  retj   cfeal 

occuracy  Binee««rai7.)     The  Hun,  nyerting  10  in  Ihe  iiidfi,  will  be  Ihe  loe.  of  • 

bti  of  Meondi,  from  wbieb  nibttart  the  «bo»«  dldcrtnti-  of  intenali,  tfte  n — 
iiill  be  the  lonptudr  in  lioie. 

■nw  Hcilern  place  of  observation  correipondi  lo  the  gretitr  Inlenal  if  ihe  itiir  Is 
wilt  at  Ihe   moon,  the  (cii  if  tail.     If  the   moon  tw  olnetTcd  on  oppeuile  tidea  of  the 
ttmr,  the  wnleni  place  nil)  be  trbete  the  alar  ii  to  Ibc  ircilward  of  Uie  moon. 
EXAMtLE. 

Suppose  Ihat  ontbe  4th.  of  Julj,  1 SU9,  the  ioterral  innderiallimebolnneen  tbe  Intnut 
of  the  moon's  Kcslern  Lmb  and  Antam,  obserred  al  (•reenwich,  vraa  Ii*  if ;  ani  the 
iiilemi  at  a  wcond  place  wm  MV  3"  ;  the  incrcaK  of  Ibe  moon's  rJEht  ateennon  in  IS 
houn  (eoTTespanding  to  Ibe  middle  lirae  of  the  moon's  transit  bf  tbe  meriifiana  of  Ibe 
Iwo  place*  reduced  to  Greeawich  lime,  9h.  M')  being  by  Prah.  II.  Ki.  III.  30'  33".!  Ibe 
f  [IT  being  lo  Ibe  sailward  of  the  moon.     Required  tbe  lon^ciUule  of  the  accond  |dMe 


a* 


W  fm 


Tbis  metbod  of  deteriDining  lite  longitude  admits  of  a  tcrj'  gnat  de^e  of  oi 
an  aceounl  of  the  Grequent  opponuDilin  of  obsemliua.  Ulhrr  melhodg  of  finding  the 
loDKilude  depending  on  the  lamo  pnncqilea  hate  been  proponed.  One  consists  ill  ob< 
•erring  ibe  tfiparent  lime  of  the  moon's  passing  tbe  niKndtau,  and  comparing  it  wilb  the 
lime  t^  paaatng  obsened  al  lireennich,  or  deduced  from  tbe  Nautical  iTmtnai^  and 
taldng  uie  diflennce  ot  these  times,  and  sajiog,  at  tfae  dsiljr  difiereoM  of  the  noon's 
pasnng  the  meridian  (deduced  from  tbe  Nautical  .llirauiac  far  Ihe  time  of  obierralMn) 
is  to  SWH,  to  is  the  above  diffiereore  to  lb(  longilude  of  the  place.  Another  method 
consists  in  deducing  tfae  longitude  from  the  change  of  declination  of  the  moon,  obtained 
from  ber  obserred  altitude  H  ben  on  the  meiidiaa,  and  ihc  knoon  lalLlude  of  Ike  place 
of  obsertalion,  bj  a  metbod  »nie*h>l  similar  lo  Ibe  pitccding  ;  but  ncilber  of  these 
mclhodi  is  nuceptible  of  the  same  di^ret  of  accuraej  as  that  in  the  above  I'tiihlem. 

It  is  not  absolulel  J  neccararf  that  the  same  star  should  be  nude  us*  of  al  botti  ptutcs  ; 
far  if  two  Man  be  obs«Ted,  wboae  diflcrence  of  rif^l  ascensii 

that  difference  will  be  equal  to  tbe  interval  of  pauins  of  Ibe  tiio  stota  to  thu'miridlan 
in  the  siderisl  lime,  and  by  aoplying  Ibis  to  mi!  of  Uie  intervals,  lUe  obserta^ioni  may 
in  [educed  lobe  tbe  i«ine  as  if  one  siarmly  bad bDcn  Dsed. 
PROBLEM  XVIL 

Cien  (is  Imgituii:  ../  ttf  ran  and  mem,  «ui  Ur  mm'.  IfUMr,  It  find  lAric  Mtlmur. 

BCLE. — Find  Ihe  diSerence  of  the  Iwo  bingitudii,  and  lo  lu  log.  co'sine  add  tha 

lop  co-MDe  of  the  mooo'i  .jtitude.  Ibe  sum,  rejacting  l(f  in  Ihe  iniin.  Kill  be  Ibe  log. 

C«-«ine  of  Ibe  sought  distance,  of  Ibe  tmni  afftctloui  aa  Ihe  iliflerence  of  longitude. 

EXAMPLE. 

July  16,  1S08,  at  poon  at  Grvenwtcb,  by  tbe  Nuilkal  Almanac-,  tha  nin'*  longUodc 

was  3s,  S3^  40' S4".  the  moon's  longitode  Ii.  3^  H'  1',  aad  her  Uliludc  P  frf  SS"  K. 

Required  ibeir  distance  7 


60(5       TO  CALCUtATE  THE  LATITUDE  AND  Lb>?aiTrD^  OF  A  STAIS. 


^•j» 


ftofi^itode 

Piff.  UtnZ' 
]>  Latitude 


IIS*  AV  24" 
&)    24     1 

80    2B    23 

1     24  28 


r(v«Tne    9.2209S 
co4iiic    8.99tf87 


Dittanee  flO    26   ;3  co-cine    9.22020 

1>e  ^T»*>  as  in  the  Nautical  Almanac.    The  distances  being  calcnlitieid 

and*  midnight  bj'  this  (or  the  following)  Problem,  they  may  be  intefpoUted  Ihr  ewj 
3  boun  bj  Problem  L    An  example  will  sufiicicntlj  illustiiLte  this. 

EXAMPLE. 
(Hven  the  distances  of  the  sun  and  moon  in  July,  1808,  at  15d.  ISh.  Ifii.  Ik  lU 
13h.  and  I7d.  Oh. ;  respectively  85^  53'  13"  |  80^  2fr  3y'  |  75^  0'  44"  |  andfiS^STr. 
RcAuind  the  distances  July  l6d.  at  3h.  bh.  and  9h.  1 


Dim.  ®  ^ 
Si*.  52  .  IS 
SO.  26.  S3 
75.  a  44 
69.  S4.  09 
AlSh. 

Second  lon^tiide    +    ^-  '^-  ^ 
Prop.  inr\f  A         —      1.  21.  27.2 
TeUe^LV.TSb.  +  ^ 


180S,  July 
l5cLinidD{glit 

16  noon 

](}    midni^lit 

17  neon 


—5. 


A.=- 


IsldifT. 
o        ' 

25. 
.    25. 

,    26. 


40 
49 
S5 


2d.dir. 


—  9 
-46 
li=— 27i 
Aitih. 
+C0.  26.  33 
A  —  2.  12.  54.5 
+  3.4 


Dist.  at  6b.       77.  43.  43 


}  A 

T=9h. 

Diit.  at  9h. 


AI9fc. 

-faoL&s 

—  4.  4.s.r 

+ >' 

ie.3ii4 


nfftmice  at  Sb.  79.  5.    8 

These  distances  agree  with  the  Nautical  Almanac. 

PROBLEM  XVIII. 
G^va^  the  longitudes  and  latitudes  of  the  moon  and  a  star,  to  find  their  dbtoBee. 

RULE. 
To  the  log.  secant  of  the  difference  of  longitude  of  the  moon  and  Har,  i^ttUug  lOn 
the  index,  add  the  log.  tangent  of  the  greater  latitude,  the  sum  will  be  the  log.  tiB|^t 
of  the  arch  A,  of  the  same  affection  as  the  diflcrencc  of  longitude  Take  Che  imaf 
the  arch  A,  and  the  less  latitude,  if  the  latitudes  are  of  a  different  neiiie,lmttbMr  4^ 
cnee  if  of  the  same  name,  and  call  it  the  arch  B.  Then  add  together  the  log.  seeaMsf 
the  difference  of  longitude,  the  leg.  secant  of  the  greater  latitude,  the  log.  co-aiw  of  tk 
arch  A,  and  the  log.  secant  of  the  arch  B,  the  sum,  rejecting  30  in  the  mdex,  wiB  be  thft 
log.  secant  of  the  distance  of  the  moon  and  star  of  the  same  aflection  as  B. 

EXAMPLE. 
Required  the  distance  of  the  moon  and  the  star  a  Pegasi  at  noon  at  Greemiidi,  Mf 
iff,  1S08,  when  by  the  Nautical  Almanac  the  moon's  longitude  was  33^  14'  1*,  bMk 
I  o  24'  28^  N.  and  by  the  explanation  of  Tables  XL.  XL!,  the  longitude  of  the  HvcdP- 
rected  for  aberration  and  equation  of  equinoxes  was  350^  49^  36'',  and  its  latttaieccr: 
rerte4  for  aberration  19^24'  41"  N.  ? 
l>*s  lonjr-         330  14'    1" 
?ic    lung.         3J0    49   3G 


DiflT.  loDfif. 
U  renter  la(. 

ArcU  A 

42 
19 

25 

1 

S4 

24 

30 
24 

2J 
41  N. 

A', 

28  N. 

Komnt 
tanj:. 

tang. 

0.13173 . 
9.54701 

U.^;7J74 

.  lOLfSlT't 

fecant 
co-floo 

secant . 

9.9a544 

Arch  B 

24 

b- 

17 

1003963 

Diftance  })  3^  45"  IS'  23"  secant        l<U522l 

It  may  bo  observed  that  the  log.  secant  of  the  distance  is  also  equal  to  the  Mi  if 
the  log.  co-secant  of  the  greater  latitude,  the  log.  sine  of  arch  A,  and  the  log.  aecMt  of 
the  arch  B,  rejecting  20  in  the  sum  of  the  indices ;  Imt  the  above  nde  is  in  gOMnl  the 
most  convenient  on  account  of  the  smallness  of  the  greater  latitude,  except  wka  ike 
diflcience  of  lon'plude  is  nearly  equal  to  90^. 

PROBLEM  XIX. 
Civhi  the  risht  ascension  and  declination  of  a  celestial  object,  trith  the  mean  Mfif^^ 

the  ecliptic  E,  to  find  its  longitude  and  latitude.^ 

RULE. 
To  the  log.  tangent  of  the  declination  add  the  log.  co-eecant  of  the  ririit  >w  finikin  if 
the  object,  the  sum,  rejecting  10  in  the  index,  will  be  the  log.  tangent  oftlM  aich  A,  t» 
be  taken  out  less  than  90®,  and  called  norfA  or  Huth  as  the  declinstioii  is,  IT  tke  i^ 
ascension  is  less  than  180^,  call  the  obliquity  of  theeeilptic  soulJ^  if  above  IQQP, 
If  A  and  E  are  of  the  same  name,  take  their  sum,  otherwise  their  diftnnecv 
call  B,  and  maik  it  with  the  same  name  as  the  greater  number,  whether  N.  or  8w 
add  together  the  log.  secant  of  A,  the  log.  co-sine  of  B,  and  the  log:  tnmiaC  of  III 
rqpht  ascension,  the  sum,  rejecting  20  in  the  index.  wiD  be  the  hg.  tmogemU  oC  IkelMK 
gitude  in  the  same  qaaid^rent  as  Uie  ri^t  aseenskm,  unless  B  begreater  ttiB §!*, is 
vhicli  case  the  quinWVj  tQnm<\m  ^^  tnssA  osji^tvoX^^SoA.  ti^it  aseenita,  ewbtnefrd 
rom  3.W**>'wiV\  \)et\ie\oii^\sAe. 


Taa«lRB.nDcof  (btrongiludeaiUtlw  lot- taneoit  of  B,  the  nun,  njcctini  tOfn 
liii  toUn.irlBbelliBtqg.  Uo^nlof  the  luilude  vT  Uw  rome  naiBe  as  B. 

Rtamk.    ka  Iha  Tibtet  at  tfiic  coUkIhmi  nre  not  muted  aban  iStf,  jva  niut 
(oUract  IBEr^  mm  tk^  riekl  fatewkni  nhen  li  eic«eili  thai  quantity,  and  &Dd  the  log. 
UngVDl  MhI  (oc-  co-kwiI  of  llie  rmiolBrfrr  i  and  Uien  Ike  arch,  cormTODding  to  l!ir> 
log.  Hnnii  of  tbe  lonciniilc,  te  To  be  token  at  tbc  (Bnie  all«i>an  as  tbii  remainder,  ami 
in",  addail   ItHsmW,  (be  »un  ••III  be  the    lonfEitudr,  unless  B  ii  greater  HtMt  W,  In 
wftlnb  nMi  Aw  ■DvpUiinenl  of  tbtt  buid  In  360'  is  to  be  taken  a>  obserretl  abate. 
EX-VMl-LE. 
BjTalilf  VIII,  the  right  aicculnn  of.  Pegasi,  July   !(.,  JSOa,  na*  aSb.  55'1*"= 
343^4W,uidl»  •leclloalion  )l    II' N.  Ifae  Dean  obb<iutl}  of  lh«>  erliptwait^tT' 
47".     iMBired  Ha  loneiUi'U  and  lalilnde  r 
DecNB.    IV  II-    a    >.       Usi:.       v.«U<C 
11.1.    BO  M  30  nrin.  lO^UKi      naj.         a4e:u 

A      on   «N-       *-sf.     »w':»     «f.        iai»» 

B        U   Bl   <9  X.  covins       UIgB     ■■■.    IbMU 

LgngUijilr  3W  in'  17'  un(.  ixnxi     dna       dtfn) 

Ij.1.   liJ-3("il""«.    milt.     SMIM 
PnOBIXM  XX. 
Thr  U^nsVuit  and  laHmii  ^  tt^ttlMeljraMjig  gir-n,  '"i"!  iJk  mian  oMifuOy  ^  fiU 
ttliptit  E,  lo  jinrf  lAf  rirAf  oicmtlan  -biJ  ilrdiaaHen. 
RLXE. 
To  Uie  log.  Ungtnl  at  At  latitiide  add  the  log.  co-wcant  of  Itie  Inn^hiile,  lie  tun, 
Tfjecilng  10  ID  tbe  tnde:i,  will  be  Ike  U^ .  tani^til  of  the  arch  A,  ahirb  b  to  be  caHed 
ntrti  or  toulA  w  the  hlitudn  m.     If  the  loneitude  ii  less  than  180°,  call  the  lAIIquUj 
i:  mrt* :  it  abate  tSCP,  ttvlk.    If  A  and  R   ire  of  tbe  fame  Dome,  take  tbor  nrni, 
OlberwlM  their  iH^trmtt,  ••Bich  call  B,  marking  it  irith  the  same  namo  as  Ibe  greilcc 
number.     Then  add  logetber  Ibe  log.  ateanl  of  A,  tbe  log.  co-xine  of  B,  and  &  iog. 
luigent  of  the  luii^itude,  the  fan,  rejecting  £0  in  tbe  index,  iriU  be  the  log.  tangent  nil 
The  right  asccnaiuD  in  the  lame  ipjadmct  as  the  loogiluile,  unleu  B  be  greater  than  W', 
iit  which  ease  Ihe  quantity  found  Id  the  lOine  quadrant  as  the  loiq^lude,  sobtlMted  Ihnii 
-Ibf)'^,  rrtll  he  the  rilit  asceraiioo. 

To  tbo  loe.  line  of  the  right  aaecatioti  add  the  Ing,  tnngcinl  of  B,  the  sum,  rejeciiiig 
III  in  the  indfl,  will  be  tbe  log.  tangent  of  Ibe  docUnatkin  o(  the  tame  name  a*  B. 

Remark,    If  Ihe  longitude  exceeds  190-  joo  mnst  sublcarl  1^   Ctmu  il,  and  find  lb 
log.  tfmgenl and  lo;.  ct>-seeant   of  Ibe  rnrunu'er.     Tlie   arvhcarresnondlag  te  "     '~ 
luinnl  of  Oieri^l  oicetiBion  isto  be  taken  of  the  same  nUei-liiMi  a«  Ihii  remain 
IHO'  added  thercio  will  b«  the  right  aiceiulan,  uoIi-m  B  Is  grenler  Uian  tOP,  in  1 
■rase  the  gupplcmeiit  of  that  ram  to  StiO^  if  tu  be  taken  w  was  obw  -   '  -■  - 

EX.lMri.E,  ._ 

BTTthleXXXVIl.  Ihe  mean  longitude  of*  Pesasi,JuIr  lb,  iSOB,  «w3«0°49^n 
itslatllude  19^  t4' 4r  N.  ood  tbe  mean  oldiquilj  of  tbe  eeliplie  S3'5J'*r',  - 
ijiiired  iu  right  ueenslon  and  declinatioti  ) 


If  the  giten  longitude,  Intitude,  mil  obliq>iit]>  nre  the  merni  tabieii  tbe  remltiog  right 
.ascEniian  and  decnnaliDO  inll  he  Ite  Ti-'in  niluo*,  lui  tf  thr  prupoied  quonlitiea  uv  eoT' 
rected  for  (benatlOB  and  iiulDtUiii,  I'm  '  i .  Ill  iibo  be  cairndeil.     Tliii 

temaril  is  eqil«B*  nriicable  to  lli<  i 
SniKIM 
Meat  of  tba  nlaa  giren  in  Ih.- 
Bpberic  Trigoneaalr;.  \*  for  n 
follows  In  Phil*  Sli.  Kig.  1,  Irt 
anireb  of  the  cdiiitir.  anil  ^1*  a  n 
the  rcllrille  si  right  aoicki  at  F.  I 
(*  eqaol  lo  tbe  ucb  CP,  ani!  tbr  m 
.  Lho  rule  of  Najiiti,  tj 
ilh&s  gives  log.  eo-s.  AC— U>e.  rvr.  AP-j-lije.  co-=.  (.T'— tog.  nduu, 
fonnnia  made  om  oC  Waul  of  room  pre>«nla  the  imctUiia  tit  "~~  *~ 
~~  of  Ihs  mclheds  of  culMlatinE  Ike  riher  PtiMenii. 


oOS  s:l'beric  truonoKulxrt. 

Tiic  celebrated  rules  given  by  Lord  Napier  for  soiling  the  pf obtenu  af  Ri|^t-Aa||!fi> 
Spheric  rrigonometry  buing  very  easily  remembered,  are  much  made  UM  €f  by  mA^ 
maticiant.  In  a  paper  communicated  by  the  author  of  this  work  to  llw  Americao  ic» 
demy  of  Artd  and  .Sciences,  and  published  in  the  third  ▼olame  of  die  memoln  of  tttf 
society,  a  meth^  was^pven  for  the  more  easy  application  of  those  rules  to  obiii|aB  fifte- 
ric  Trigonometry,  and  as  the  tables  of  this  collection  may  sometimes  be  made  use  of  ■ 
solving  trarioui  prubleras  of  Spberics  besides  those  given  in  the  former  pert  of  tUivai^ 
it  was  thought  proper  to  insert  this  improved  method,  with  the  formulaii  most  fteqMtflf 
made  u^e  of,  to  enable  any  person  arq.i.iinted  with  Spheric  frigonometiy  to  mdme 
of  the  tables,  without  the  trouble  of  referring  to  another  work,  lor  tbe  rides. 

In  e%ery  Kigbt-.ingled  Spheric  triangle  there  arc  five  circular  porta  ;  iiaBBely»  tte  In 
legs,  the  complement  of  the  hypotcniise,  an  J  the  complements  of  the  two  obiiqiie  aa^ei, 
which  are  named  adjcctnt  or  vppositf^  according  to  their  positions,  with  respect  lo  evl 
other.  The  right-angle  is  nut  included  as  one  of  the  circular  parts,  neitlier  to  II  «^ 
posed  to  separdte  the  legs.  In  i\ll  cases  of  right-angled  Spheric  Trigonometry,  tea  of 
these  parts  are  given  to  find  the  third.  If  the  three  parts  join,  that  which  is  in  ^  Mid- 
dle is  called  the  middle  part ;  if  they  do  not  join,  two  of  them  must,  and  tbe  odMrfUt 
which  is  separate,  is  called  the  middle  part,  and  the  other  two  opposite  paita^  u  ia 
riatc  XII.  fig.  1,  *2.  Then  putting  the  radius  equal  to  unity,  tlie  equatioas  giiCB  ^ 
Napier  will  become 

Sine  of  middle  part  =  Rectangle  of  the  tangents  of  the  adjacent  parta- 

=  Rectangle  of  the  co-sines  of  the  opposite  parts. 

The  method  of  applying  these  solutions  to  the  various  cases  of  K^ht-an^d  Sphoic 
Trigonometry  is  very  simple,  and  is  explained  in  several  treatises.  To  apply  tke  m^ 
tkod  to  Oblique-angeled  Spheric  Trigonomctr}-,  it  is  necessary  to  diTide  the  triiKle  iatt 
two  right-angled  spheric  triangles  by  means  of  a  perpendicular  AP  (Plate  ilt  i^ 
3, 4,  ;>,  14.)  let  fall  from  the  point  A  upon  the  opposite  side.BC  :  the  peipeodicobr  bein^ 
so  chosen  as  to  make  two  of  the  given  things  Jail  in  one  of  the  rigklF-angUd  tnangiti^  or 
in  other  words  the  perpendicular  ought  to  he  let  fall  from  the  end  of  a  girm  nit 
site  to  a  given  angle.*  Each  triangle  thus  found,  contains,  as  above,  fire  dicidari 
the  perpendicular  being  counted  and  bearing  the  same  name  in  eaeh  of  tbea  : 
quentl)  the  parts  of  each  triangle  similarly  situated  with  respect  to  the  perpeBdicalv, 
must  have  the  *»amc  name.  In  every  case  of  Oblique-angled  Spheric  TrigoooiBBlfy, 
there  are  three  parts  given  to  find  a  fourth,  and  in  making  use  of  the  method  of  a  so- 
lution by  means  of  the  perpendicular,  there  will  in  general  be  two  of  these  pMi  kr 
each  of  the  triangles  ACP,  ABP,  similarly  situated  with  respect  to  each  other.  Tt 
each  of  these  must  be  joined  the  pcrnenilicular  AP,  and  there  will  he  three  parts  iaoA 
triangle,  which  are  to  be  named  nii  iJle,  adjacent  or  oppnsUey  according  to  the  idiove  fr 
rections.  i  hen  the  equations  for  solving  all  the  cases  of  Right-angled,  and  aB  evcft 
two  cases  of  Oblique-angled  Spheric  Trigonometry  ore. 


I.  Sme  nUdJU  port     \  =  \  Jf"^.""'  '^'.^  «*''^f "  '*f'»-'» 
'^  (OC  y  Co-siius  of  the  opposite  parts. 


These  equations,  when  applied  to  right-angled  spheric  trianglea,  signify  as  bdbir. 
that  the  sine  of  the  middle  part  is  equal  to  the  rectangle  of  the  tangents  of  the  9i^)mal 
parts,  or  to  the  rectangle  of  the  co-sines  of  the  opposite  parts  ;  but  when  apphedtoan 
oblique-angled  triangle,  they  signify,  tliat  the  sines  of  the  middle  parts  are  propoitiOBii 
to  the  tangents  of  the  adjacent  parts  :  or  that  the  sines  of  the  middle  parts  are  pro- 
portional to  the  co-sines  of  the  opposite  parts  of  the  same  triangle  ;  obsenriqg  tfa>t 
the  perpendicular  being  common  to  both  triangles  APB,  APC,  and  bearing  d»  mm 
name  in  each  of  them,  must  not  be  made  use  of  in  the  analogies,  nor  counted  at  a 
middle  part.  This  can  produce  no  embarrassment,  because  ths  cases  of  ObUqoe  CpteiiV 
Trigonomctr}'  may  in  general  be  solved  in  the  shortest  manner  without  calculaliiig  A9 
perpendicular. 

The  first  case  not  included  in  the  above  rules,  is  where  the  question  is  between  tto 
sides  and  the  opposite  angles,  which  may  be  solved  by  the  noted  theorem,  that  the 
of  the  sides  arc  proportional  to  the  sines  of  the  opposite  angles,  or  as  it  may  be 
ed  in  an  abridged  form  or  more  eii«)-  reference. 

2.  Sin-^  side  ex  sineopp.  angle. 

This,  combined  with  the  above  improved  formula,  furnish  a  complete  solutian  of  As 
various  cascH  of  Spheric  Trigonomrtr}',  except  where  three  sides  are  given  to  fiad  aa 
angle,  or  (which  is  nearly  the  same  thing,  by  taking  the  sitpnlementaiy  triairie) 
three  angles  to  fini  a  side.     The   above  niles  marked  (1,)  (2,)  are  simple  fn  ttdr 

"  \Vh>  n  ihif  "Anliprt.int*  in  two  (lifleriMr  wnyN(ii>  in  t'nws  fl.  IV.) it  will  rnwrBlN'  pwdacs  tfcs 
nhortcst  n^uiUn  to  make  um*  uf  thai  pcr)'**"'i  '"^r  whicl<  i\oe%  not  divide  the  rtfmind  uaflt  orridt 
into  w^m^ntK. 

t  It  will  he  or  cotiddevibic  a»«fattiiiice  In  rcmemht-rlne  ihe«  nilot  to  note  thai  tbe  second  IsflRiel 
tTie  vkonts  tanqtnt  and  ro-nne  are  |lie  fane  as  tbe  Urst  lettsrs  of  adjaent  slid  oppoeiN, 

ff 


irFlilieiC   XUCONJIllt' 


It  Tttiet  but  fiulc  rrom  tll>l  made  boc  e(  \ij  Ssplo-,  *«  lliU  il  it  ex- 
tmcniber  them.  Tho  OK  na[  Ineluiled  in  IhoK  PiLu  mO}  be  uiUcd 
iC  Ibnnulu  or  can  T.  nr  ^l.  whirbmaj  ■«  rDuimittol  la  laaBiiirf  nltb  liltln 
irauble.  To  inmlnle  Ihtt  miti,  the  CDllowing  cxmiplM  ate  tinn,  whkb  Incluiln  ill 
tlic  casta  of  Oblique  Spheric  Tri^nonujtr}. 

CASE  I.  PLATE  XIL     Ti^  3,  4,  i.  1 4. 

Oi'mi  AB,  AC,  and  thi  trppBuilr  angli  C,  lafilul  BC  ^ 

ta  Ihe  riKbl-angled  ipheric  trianglB  APC  an  fifn  iC  ujkI  '  .n 

in  Ifl.  3,  Cr  inaj  hr  round  b;  the  nil»  rim  mid.^::^<Big.  ■.'[.  '  = 

Inf.  CPxiang.  (pd.  AC,)  ar  Ung.  CP=co4  CXUng.   AL  ^ici 

ABP.  ACP  are  fiten  AB,  AC  uid  CP  lo  DihI  Bt.     If  In  tlu:=.  i   , _     ,    ,      ,    ^.:l-U- 

tar  AP  it  wfll  be  found  IhnI  la  Die  triangle  ACP  Uic  caroplrR.'  i.t  i.I  \i:  „  tlie-  mi<liUe 
put  (u  io  Fig.  3),  iDil  Cf  so  nppwile  put.  Tbc  Uiangle  ABP  ii  to  he  ouuted  in  ■ 
linEIar  inanaer.  Then  Ihe  nile  tin'  mU.  (X  co-i.  i^.  ei<T«  eiiii:  (co.  AC) :  ea-A.  CP  - : 
»lDe  (M.  AB) :  ca-9.  BP.  and   iIC=BP+Cr.    B]r  Biirldng  tbc  ugnitut*  as  in  Fi;.  4, 


Che  rule  riv  mM.  «  Ian;.  aJj.  sirei  aiao  CF;  tai«.  (co.  C.) ;  :  tiiM  BP :  Ung.  [co.  B-) 
listing  found  BC,  ihc  nngla  A  mif  be  foond  b;  itte  nie  tint  ttdt.  oc  riiu  ^p.  mt^t 
which  gi»M  aine  .AB  ;  liue  C ;  :  sine  BC  :  line  A. 

Oihrrviii—H  the  aide  BC  it  nol  required,  the  atrglff  A,  B,  tnaj  be  Tonnd  in  the  M' 
lowing  manner.  The  rule  rim  ntU-^lmg.  adj.  pym  bj  niarUng  aa  in  Fig.  1.  line 
(CO.  ACJ=tang.  (eo.  C)xtang.  (co,  C.APJ  or  col.  CAF.=co-».  ACxiang.  C,  and  by 
oiuking  ai  In  Fig.  5,  the  rule  <*ine  tnid.  ex  tang.  adj.  or]  fang.  mlj.  oc  nn«  mid.  gitti 
lang.  (m,  AC)  :  tine  {eo.  CAf)  :  i  tnng.  (co.  AB)  :  *iae  (eo.  B.AF,)  l^n  A=s 
BAP+C.U>.    By  maAine  Ihe  (egraenU  n  in  Fig,  H,  the  rule  (aiue  mid.  cc  t«-B, 


Opp-  «r)  «-«.  Of  p.  a.  ™-  ""i 
■ioe  (CD.  B)  oc  *ioo  CAP  -.  < 
majr  bo  Tound  by  ibc  rule  < 


gi.ci  CO-*.  (CO.  CAD .  sine  (eo.  C)  :  =  co*.  (eo.  BAP) : 
>■•.  C :  ;  Rue  BAP  :  eii-a.  B.  Hiring  A,  C,  ukd  AB,  BC 
lu  lidi  «   tior  epf.    an»U,   *Ueh   gfiec   tine   0   i  line 


CASF.  II.     Fig.  3,  4.     Plate  Ml. 

Gietn  .1C,  BC  and  »*  indukif  an^i  C,  lo  Jind  .IB,  and  Ur  a>;!r.  .f,  ft 

The  rJe  mi«  niiif.=(an;.  adj.  g^a  m  in  C«a*  1.  Ung,  CPsteo-i.  Cxtang.  AC.  then 

¥P=BC+CP  and  the  mle  ee-i.  epp.  tx  m*  "iu(.  jitm  bj  miAinc.  «i  ia  F^  J.  eo* 

CP  :  line  (eo.  AC) ;  ;  co^.  B?  ;  tine  (co.  At,)  mi  bj  marking  u  in  Fig.  t,  ihe  nilt 
•hit  mU.  tx  Img.  adj.  giTa  atne  CP  :  lang.  |co.  C)  :  :  line  BP  :  ung.  tco.  B.)  fliv- 
i:  ;  round  AB  ire  may  find  A,  by  tho  nile  iin<  tidt  (x  »"•  op^.  aagU,  oUtb  giiu 
inc  AB  :  sine  C  ^  :  sine  BC  :  irine  A. 

ir  tlie  an|^  A  bad  btm  ti»]uircd  and  not  U,  it  wooM  k»>c  been  ibattcr  lo  Id  ibu 
:'rTpendicul3r  IMI  apon  the  point  B,  bv  ulii.  h  im- m.  ti:,-  ir<|uirrd  aogla  A  woaU  ml  hi 
•-■■  ■  ,„l^o  A  «iltlu  be  bund  in  a 


•aaau  manner  to  that  hy  which  AB  - 

CASE  111.     I 

Cltm  (ill  angta  B,  C,  and  Ihr  uj , 

'llieruh  tmi  mid.  cc  t"s-  "4  ;■'' 

n  Uie  nilo  bii;.  adj.  <x  li 


:n  CP  : .-  tang.  (CO.  B)  : 


B  P.  then  B(J=<,T+BP. 


«ll. 

'  .  .iB.  imd  Ihe  mglr  .1. 

CI'=a».t.  C  X  tanj.  AC. 

^>  IB  Fig.  4,  Uns.  [(^.  Ci  J 

Again,  (bo  trie  («.«.  epf,  « 

■■  B  P  :  tine 


.."(It  mUL  fire*  by  miiridng  »  in  Fig.  S.  eo-i.  O  P  :  sine  (n>,  AC) : 

i>!a.  AB.)     Hoing  found  BC,  (ho  rule  ritu  i(J(  cc  '''>•  '>IQ>>  «"g4t.  gtrci  bub  AC  : 

™ie  B . :  on*  BC  :  me  A. 

OfAmeio^The  rule  tine  nuit=/*nff.  edj.  glm  u  in  Cjie  I.  roi.  CAr=<o-«,  ACX 
ling.  C.  and  the  rule  aiae  oM.  <X  m->.  app.  fktm  by  mwfcins  "*  in  Pig.  H,  line  (<■>. 
C.)  :  CO*  (to.  CAP)  :  :  uuo  {ta.  B)  :  cm.  (ro.  BAP)  or  tu-*  C.  r  •iae  CAP.  :  :  e«-f. 
B  :  line  BAP,  and  A=CAP+BAf .     I'bca  tho  nile'  (Ine  oiiit.  a  *»*■  -ij-  giiM  by 

[.  {ca,-AC)  1  ;  ilAe  (oo.  BAP)  :  lai^  (f«. 


MO  -I'llt.i.h.    lliIv.uN..».«li-:iJi'i. 

(' K>Ts  IV.     Ji<.  :.,  11.     Plate  XII. 

Given  titr  (/;!;->«: .%  C  arid  thf  hubuhd  suk  ,li\  iofunl  .IB,  BC  a:td  the  U'..-.-  iJ. 
The  rule  sini  mui.  --laniz.  odj.  i^ivcs  as  iii  ("use  I.  rot.   C' VP=co-5.       XC'/i-.l. 
0,  and  BAP--.\-fCAP.      The  rule  sine  tuid.  ex  <'»"ff-  ^{j-  S'^t**  I'J   markia;;  a*  l 

Fig.  .^,  bine  (ro.  CAl')  :  tang.  (co.  AC)  :  :  sine  (ca.  BAP)  :  Ian;;.  c.o.  (AB.)  Th»-  n.'* 
cov,  opp,  oc  siiif  "mV.  gives  by  marking  as  in  Fig.  14,  co-s.  (co.  CAI*)  .  sine  (co.  C) . : 
ro-.i.  (co.  BAP)  :  sine  (co.  B)  or  sine  CAP  :  co-s.  C  :  :  sine  BAP  :  co-s.  B.  Ka«in; 
Ibund  B,  the  rule  sine  side  o"  -^ift^f  <^PV-  anglf  j;ivcs  sine  B  :  sine  AC  :  :  sine  A  :  ^ilcBC. 
If  the  side  BC  had  been  required  and  not  AB,  it  vvoidd  he  shorter  to  let  the  pci^r.- 
dicular  fall  from  tbi:  point  C,by  which  means  the  required  side  BC  would  not  be  diyiW: 
into  segments.  In  thLi  ca^e  the  side  BC  and  the  an<^lc  B  might  be-  found  in  a  EiLiiJ* 
maimer  to  that  by  which  AB  and  B  are  found  above. 

CASFC  \".    Vi!;.  :;. 
(i'lVt'fi  ,'IB,  .ir,  and  Bi\  to  find  titUrr  of  the  outfits  «•«  .i. 

Put  h--.J  (AB-|-\r-fnr,)  th.n  tiip  ?ri-li  \  maybe  fuimd  by  cither  of  the  fono--:C 
(heorenis,  in  which  for  brciit}  the  words  .>inc.  co-^inr,  ^c-  arc  used  for  log.  sine,  >^. 
rO-sine,  &c. 

(:n  Sine  i  Ar=  Sine  O^"""^*'^  "^^'•''^    (S— AC) -f  co-mc  AB+co-scr.    AC—? 


Oft 


f  1)  ('o-«   A  \-  •  ^'"''  '^  "^  *'"*^  ^^ — ^'^'^  "^  co-scc.  AB  4-  co-scc.  AC  —  *-'»; 

n 

CASK  Vr.     Fi-.  3. 

Uirtn  the  o;i;^<s  .7,  /?,  C,  ta  ji.id  nlhcr  of  the  shUs  at  Bi\ 

Put  S=r4  (A-l-B-f  C.)  Then  the  s'.de  BC  may  be  found  by  cither  of  tiic  fVinrir; 
theorems,  axlaptcd  to  losjiritlims  as  in  the  la>.t  e>£imp!c. 

(ro  SineABC=         Ci-si.-ie  S  -f  co-sine    (S— A)  -f  co-scc.    B-f-eo-scc.   C---' 

(A)  Co-sinc  i  BC-      ^^■'*»"*'  (S--B)-|-ro-sine  (S— C)-f-co-acc.  B-f-co-scc  f-'-' 

The  above  includes  all  the  ra-es  of  Oblique  TrigonomcJry.     The  2d.  and  4th.  os*-" 
r<7ay  be  sohed  in  a  diilercnt  manner  bv  the  foUoivins;  theorems,  whieh  on  somii  o;:- 
sions  may  be  foiind  very  usefid.     Thus  both  the  angleti  in  Case  II.  may  bt*.  fouod  It  :': 
following  theorems. 

(7)  Sine  i  (AC-f BC)  :  sme  .\  (BC  cc  AC)  :  :  cot.  ^  C  :  tanj;.  4  (A— B). 

(S)  Co-sine  h,  (AC-|-BC)  ;  co-sinc  \  (BC  x    \()  :  :  cot.  4  C  :  tan^.  4  (A-f  B). 

*  (A— B)  is  Ichs  than  9«» '  and  \  (\-f-B)  is  of  the  same  aifcction  as  4  (AC-^-rr 

The  sum  and  dilFcrcncc  of  the  terms  \  (A — B)  and  A  (A-}-B)  will  jrive  .A  crJ  B. 

Both  the  rti'.^s  in  Cft-e  IV.  ma}  be  fotnid  thus: 

(9)  Sine  4  (A-f  C)  :  sine  A  ( ^  ^  ^-  :  '  t:in-.  .^  AC  :  tang.  4  (BC  co    AB\ 

(10)  Co-sine  4  (A-j-C)  :  ui-.^ii:.  .{  ( \  rA')  :  :  lani);.  .i  AC  :  tang,  j  (BC-f-XB.!  A 
:'BC  ji  AB)  is  less  X\m\  <)«»  ,  ind  \  (KC-f  AB)  is  of  the  same  aireetton  as  Jl  »A-ft  • 
Then  the  sum  -and  dillVn-nie  of  A  (WC  -/:  VB)  and  A  (BC-f  AB)  jjive  AB  and^BC. 

The  iinj.ro'.ed  vuli:  for  solving  the  ea'sr^  of  Oblique  Sp:U!rie  Trigonometry  bv  tte  «•■■• 
:  i.lar  parts,  wav  In*,  ra.'ily  tlch:.  fd  from  tlio.-'c  gi^cn  by  LonI  Napier.  F*or  if  ire  p&t  M 
f.»r  the;  middle  par!,  \  tor  the  .•t.lj.te'^n?  ••.^r:,  und  B  for  tiie  opposite  part  of  the  triir^'- 
APC  (Fjjc.  ^»»  1»  '^  11,  Plate  Xll.)  .•»;,  r,  ft,  for  {Ik-  corresponding  parts  ofthctiiia;> 
APB;  an. I  P  for  the  perp.  ndicnl.-.r  AP.     Tlien  if  P  is  an  adjacent  |»art,  the  rulfs  •- 

^i">-  M  j:ine  m  sinr  M     sins  m 

Xapicr  will  give  tu«g.  P and  tpn*.;.  V=^ henee = i-,» . 

'■■i».:.   V|  tnn.  «,  ^^"S-  ff%     tan*,  i 

^^qtlcniiy  sine  M  :  tnnj».   A  ;  :  .hw  .n  .  irvi^.  a.     If  V  h  an  opjjo^itc  part,  the  same  r*:'' 

sine  M  '»{iO  h>^  sIih:  M       sine  w 

y\\\\  give  ro-«^-.  P-..: •  ail!  t'o-".  V   • iicuty.  = coa»cquO"'^ 

I'ci-s.  1>  CO-  .  ';.  e.)-s.  B     co«».  b, 

5:;"  M  •  t  {'-5.  II  :  :  si*."  «.;  •  •  •-'-•.  /'.  v.  1:1  ^  t;-  t   ■  'v.-n  •,••.:'.•«•  ?•»  ^e  d.i'mnn*tr.»?''T. 


APPEIVDLX  TO  THE  SIXTH  EDITION. 

ON  nNDIN'G  THE  LATITUDE  BY  TWO  ALTITLDES. 


SIXCE  lite  put  ot  (his  work  for  the  finding  ihB  UttiUide  hj  Iwd  altitudes  itw  in  Itw 
pTFH,  tlu  roUowing  Table  XLVill.  hu  Imn  computed,  b;  muDi  of  which  Ibe  csnec- 
(ion  of  eitbCT  coe  ot  lh«  abtured  allllude*  can  be  compuled  for  Ihe  chanp  of  deciina- 
lion  ofthe  abicnred  olijef  t  during  (be  clapcd  lirac  belireeii  the  abKrYUioM,  uid  thai 
(be  Problenu  of  double  ■lliludm  of  the  lun.  raaon,  planel.  or  filed  itar,  an  be  reduced 
to  the  cue  of  the  deelinBlion,  being  inrariobljr  the  same  u  U  the  time  at  the  ob*erra< 
lion  oTlhe  alliludei  *hkb  i)  ml  corrected,  and  then  Ihe  Probtem  comei  under  Ihe/inC 
(orKcood)  oiethadof  Mriutioo,  which  i«  much  more  simple  and  free  from  cam  thiD  the 
^DCnJ  aolullon  hj  the  iMrd  method,  'lliij  proceu  of  conwtiog  Ihe  altilude  it  Mimb- 
whal  similar  tulhal  before  liiughl,  rormakiDg  allowance  far  Ihe  run  ofi  >hip  during  (he 
(tmr  elB|»ed  between  the  abwnationi ;  and  tbc  same  altilude,  which  is  corrected  Tor  the 
run  oflhe  ahip,  can  alto  he  corredcd  for  the  change  af  ileclinetioo.  This  method  of 
cotreeling  one  of  the  alttlui&s  b  parlicuhirlj  applicalile  to  Ihe  case  where  balk  obaena- 
tians  are  made  on  Ihc  lamr  hravenlT  body,  and  Ihr  drcliaation  doea  not  tarj  but  feir 
minulei,  or  in  eitrcme  casea  more  Ihun  one  or  two  degreci ;  but  the  same  procesB  maj 
he  Ufcd  nhea  two  iHgtrcnl  objecls  are  obaerved,  pnjvided  their  declinalioDs  are  nearlj 
equal,  or  do  not  difler  more  than  one  or  Iwo  dcgrcea. 

As  either  one  of  the  aldlu<te>  maybe  corref  ted,  Ihc  Problem  adtnils  of  IWO  diflerent 
waji  ofsolntion.  For  the  aakr  ofpreciiion,  the  altitude  which  is  ulecledto  be  correct- 
ed, wilt  be  called  Ihe^ffoltilu^;  and  Ihe  corrciiponding  declination.  Ihe ^ril  ^Hiufim; 
the  other  altitude,  whkb  is  not  cormled,  will  be  called  Ibe  rtccnul  attifadt,  and  the  coi^ 
responding  declination,  tlie  arccu/ rfrcJjnoiian ,  These  terms,  j!tjI  and  irriiiirf,  haiiog  no 
refennec  to  the  order  in  whieh  theso  obsBrrations  are  taken,  since  the  altitude  hert  de- 
fined u  tbe^il  aitUaJr.  maj  be  aetuaUy  obstrted  either  befrri  or  eflcr  the  other  obser- 

Tfae-  propaatd  tabic  ^ci  for  rarioni  dcf  linaticms,  attitudes,  and  htlitudcs,  the  chauge 
of  Ibe^iloUidiiJr,  carTespandingtoarariatianof  100"  inlhe^rsldecJi'nalwn.  Thus,  with 
ihe  lutiludc  M'  N.  Ibe  sun's  altitude  3IH,  and  the  declination  14°  N.  the  Table  ^lea 
TT"  (br  the  rariation  of  Ihit  altitude  arijiiii^  from  a  change  of  lOO"  in  Ihe  declination.  If 
the  actual  change  of  declniation  Is  greater,  or  less  than  lOO"  Ibe  tabular  number  77" 
must  be  increased  or  deenaud  in  the  sauie  proportion.  Thus,  if  the  change  of  decllna- 
Iioabe200",  Ibe  change  af  altitude  will  be  SOfK  X  ,^^  =  154".  If  ibecfaonge  of  decli- 
nation be  60",  Ihe  change  of  altitude  n  ill  be  60''  X  J  J.  ^  46 '.  The  corraclion  af  tUa 
Jiril  oUitiulc  baling  been  (bund,  it  is  to  be  applied  ID  the  first  altitude,  corrected  is  usual, 
Ibrdio,  rcflniclion,  seoii-dianicler  and  parallu,  and  the  corrulrd  first  altilude  will  beoh- 
Uined,  such  as  it  would  have  been,  if  Ihc  decUnotion  at  the  time  of  observing  thu  alti- 
tude bod  b^n  equal  to  the  itcmd  dtctiruliim.  tViih  this  corrected  first  altitude,  (he 
second  ftltitode  and  teeond  declination  wilhontcorrcelioa.  and  the  observed  elapicd  tuae, 
or  hour  angle,  the  compulation  of  tiie  latitude  ma;  be  mode  by  Ihe  FirH  Mftlwd.  eipbioui 
in  page  133. 

This  TaUe  is  ealculaled  for  every  3'^  of  decUnalion,  (rum  0^  la  *^.  If  the  chaBge 
ofdeclinalion  is  not  Tcry  great  during  the  elapwd  lime,  it  will  in  general  be  lufBcieolly 
euct  to  enter  the  table  with  Ihc  ncareit  dediootioR,  and  lake  proportional  pans  for  the 
degrees  of  altitude  and  hliludc.  Tbe  latilude  by  oeeannt  is  to  be  used  in  finding  the 
numbers  from  this  table,  it  being  tuCciently  occurUe,  sinee  ao  error  of  1"^  of  latitude 
rarely  produces  more  than  i'  cbanje  in  the  numbers  of  tbe  Table.  Suppeee  now,  that 
die  tabular  number  wia  required,  when  Ibe  Uliiude  was  37'^  N.  Ihe^sl  altitude  99^  jrta 
tfint  dccUoation  6^^  K5' S.    In  (his  rose,  using  ib« declination  fi^.and  the  altitudclO^. 
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proportion,  the  change  corresponding  to  1^  of  latitude  U  l^T  X  ,\  «  ll'^.S,  tkb  aaded 
to  57^',  givei  the  correction  corresponding  to  the  altitude  2<F  and  the  latitude  ST*'  S. 
eaual  to  ^'.2.  Repeating  now  the  same  operation  with  the  altitude  30°,  the  twotabo- 
lar  numbers  are  64''  and  81",  whose  difference  17" multiplied  by  ^  gives  11^9  lobe 
added  to  64''  to  get  15".%  the  correction  corresponding  to  the  altitude  30°  and  the  hii. 
hide  37^  B.  Hence  it  appears  by  changing  the  altitude  from  80^^  to  30^,  the  comctioB 
changes  fh>m  68''.S  to  75^9,  increasing  7^7,  by  an  increase  of  10<^  in  the  altitude,  the 
corresponding  increase  for  a  change  of  8^  in  the  altitude  is  equal  to  7''.7  X  ^^  s  S''J 
nearly.  This  added  to  68".2  gives  74".4,  fqr  the  tabular  number  correspoDding  ta  ^ 
declination  6°,  the  altitude  28^,  and  the  latitude  37°  S.  If  the  same  calculation  be  le- 
peated,  using  the  declination  S*^,  the  tabular  number  will  be  76".2  instead  of  74''.4.  in- 
creasiiw  only  l".8  for  an  increase  of  2^=120'  in  the  declination,  and  the  correspondi^ 
correction  for  the  25'  of  the  first  declination  is  1^8  X  -^  =  0''.4,  nearly.  I  his  added 
to  76'^2  gives  the  correct  tabular  number  7 6". 6,  or  77"  nearly,  corresponding  to  the  pro- 
posed latitude,  37<^  S.  altitude  28^,  or  declination  6°  25'  S.  The  correction  for  the 
minute  of  declination  is  in  this  case  small,  and  in  general  it  will  be  so,  and  whca  Ik 
change  of  declination  during  the  elapsed  time  is  only  a  few  minutes,  it  will  be  safideadf 
exact  to  take  out,  as  was  directed  above,  the  numbers  corresponding  to  the  nearest  d^ 
clination  in  the  table.  As  there  is  nothing  peculiar  in  this  method  of  findiog  the  c» 
lections  for  the  intermediate  degrees  of  altitude  and  latitude  (several  tahiea  in  the  verit 
having  been  arranged  upon  a  somewhat  similar  plan)  it  will  not  be  necessary  to  go  iaio 
any  further  detail  relative  to  the  manner  of  finding  the  number  from  the  table  eona^ 
ponding  to  any  proposed  declination,  altitude  or  latitude.  The  use  of  these  Bumben  ■ 
nndingthecocrectionof  the  first  altitude,  is,  for  the  sake  of  easy  reference,  dravrn  opii 
the  foUowing  rules. 

RULK. 

1,  If  the  two  dteliiuUions  are  of  the  same  name,  take  their  difference;  iftht^  cree/diger- 
9it  names,  take  their  sum,  and  this  difference,  or  svmi,  toiU  be  the  change  o/dedin^ion  cw^ 
rtnonding  to  the  two  observatums,  or  two  objects, 

5,  Find  tn  Table  XLVllI.  the  nwnber  corresponding  to  the  first  decihuttian^  the  first 
altitude f  and  the  laiitude  by  account.  MuUiply  this  by  the  change  of  declinaiwn^  m  sctmM^ 
between  the  two  abservations  ;  the  product,  rejecting  the  two  right  hamd  figwes,  wHi  be  the 
number  of  seconds  to  be  applied  to  the  first  altitude^  with  the  same  sign  as  in  the  tabU,*  if 
9t  the  suond  observation,  the  object  is  nearer  to  the  elevated  pole  than  at  the  first  ohaemHeai 
but  with  a  different  sign  from  the  Table,  if  at  the  second  observation,  the  object  ig  farther frm 
the  eUvatedpoU  than  at  the  first  observation. 

Thus,  in  the  above  example,  where  the  tabular  correction  was  77",  if  the  second  aki- 
tude  was  48^  and  the  second  declination  6^  15^  S.  which  is  10'  or  600"  leas  than  tfe /bit 


would  be  fd^ 

tTMtive,  making  H  27°  52*  18^.  •«-»««»■ 

It  may  bo  observed,  that  the  method  of  correcting  one  of  the  altitudes  dbe»  not  atkrtke 
horary  wgUs  in  any  way  whatever,  and  the  regulation  of  the  watch  used  in  the  observatiDB 
is  calculated  in  exactly  the  same  manner  as  if  the  correction  had  not  been  — r»*.  uA 
whichever  altitude  is  corrected,  the  result  will  be  very  nearly  the  same ;  a  diflgreneegft 
ftw  seconds  will  sometimes  be  found,  owing  to  the  small  quantities  neglected. 

To  illustrate  this,  the  foUowing  examples  are  given. 

EXAMPLE  I. 

The  «m»a  correct  central  alUtude  was  32^  25^,  his  declination  17^  N.  EMhi  hovs 
afterwards,  by  a  watch,  his  correct  central  altitude  was  30^  W  and  ditclinationlW  55' N. 
Required  the  latitude,  supposing  the  latitude  by  account  53^  20'  N  ? 

The  tabular  correction  corresponding  to  the  first  altitude  32^  25^,  decUnalioii  17^  N 
and  latitude  by  account  53<>  20'  N.  is  80".    Multiplying  thU  by  the  differenec  of  cha  da^ 


.t.T?I!,**<"J"'*?^**'**~J*»^T«««n«  hi  a  few  places  between  1^  In«n 

the  iropio,  whco  ibe  <tManer  ttam  the  elevated  polerfrovaiw,  tbe  aliiUide  it  t6  l>e  inatm!ai 

potardIftara«iHr««e«,iWaltltadetotob»flamMMi.  Tbecontrarviakctplaceln  tteM 

Uw  tropks  where  the tal»lar«aBben have tb«4ini^Hcfiiad.  hma  Snhe  dSrw^t 

MUBbrr,  correuo^dlDiT  lo  anj  poHible ihuation  of  the  oUeet, caaMiC  exceed  14)0" :  k  Til  ■■■■■■■■  ■■■ 

cosvenloit  to  insert  a  few  numben  eicecdiog  lOO",  for  the  punow  of  findhiff  mv*  m^^nmZZTLTw^ 

poitoai  parts  ferthefaitemedia(adsgiefsy«iiittieerlati£dn5^^ 
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cttoatioo  17^— 16<)  55^  =  5'  :=  300^,  the  product  rrejecting  the  tworiflit  haadteiKf) 
it  84(K.  00  mm  4',  the  correction  of  eltitude.  This  if  to  be  flabtr«eted  Rom  SIP  SA' be- 
came the  wn  recedetfrom  the  elertted  pole,  while  the  decUoetioa  ehanget  IhMi  17^  N. 
to  16^  sy  K.  therefore  the  corrected  fint  altitude  ii  399  81'.  Using  this  with  the 
second  altitude  30^  S'  the  second  declination  16^  55',  and  the  elapsed  tiae  8  hours,  the 
calculation  may  be  thus  made  by  the  first  method,  as  folloi 

Col.  1. 

SkoMdtime    lh.rP.iL] 


1006247 
1001921 


Ck>L.  2. 


Col.  3. 


^8a«Ak%.    St  I4| 

(IMlAirs.     1    6i 

C  1    9 


CO-9CC.  lOuMlttS 

co-fine  098196 
ri«e  028650 
tfne 


8.300H 
(Z  let!  tbao  9no  naniAt  m  bnrinff  of  tenlih.] 


eo-ftioe  074tl2 
oo-wc  1028512 
sec.  IO00008 
eo-vine    9l999'JI 

r.     lO0832sl  Z    22    8  N. 
E     59  2BK. 


I05K14 
071812 


0    SlOirB. 

(OlcsidNBSO* 


■a  deck] 


Zsec. 


Latitude   53  35N. 


080171 


As  it  is  entirely  arbitrary  which  altitude  is  considered  as  the  firH^  or  the  one  to  be 
corrected,  it  may  not  be  amiss  to  repeat  the  operation,  eonstderlng  30^  8'  as  the  Jirtt  ■!• 
titude,  and  16P  S5f  as  the  jlrs£  declination.  The  tabular  number  corresponding  to  Iheie 
,  quantities,  aed  the  latitude  by  account  is  79*^  which  multiplied  by  the  change  of  decttne- 
tion  300^  (rejecting  the  two  right  hand  figures)  b  337"  =  r  57"  or  4'  nearly.  This  Ii 
to  be  added  to  30<^  8'  to  give  the  corrected  first  altitude  30^  12',  because  the  Son  ^ 
proceAef  the  eloYated  pole,  while  bis  declination  changes  from  16^  5y  to  17^.  Assuming, 
therefore,  the  corrected  )ir«f  altitude  as  30-^  12',  the  second  altitude  3S^  25^,  the  seemd 
dedtaation  eorresponding  thereto  17"^  N.  and  the  elapsed  time,  as  before,  S  hours,  the 
calculation  may  be  then  made  as  follows — 


Elnwdtia 
JteoiastioD 


170 


Col.  1. 


fCC 


lOOflsrn 

10019IO 


Col.  2. 


Col.  3. 


i  San  Alt*!.    810  l^ 
i  DUr.  AM'*.     1      ^ 
G  1      9 


co-Mc.  loosiri 

co-doe  0»SlttS 
fine        8:296x1 


liM      ftjooo: 


[Z  le»  tiMn  90a  like  liearin;  of  f  cnith.] 


ro-«ln« 

074850 

CO-MC. 

1028429 

sec 

lOOOOOl 

oo-cise 

086991 

tec. 

1003278 

B    Sl0  2rN. 


losMoe 

07U8D 

c   1028SK 


[B  lets  dm  90*Bsaed  ■adsd.] 


Z    21    £9  N. 


LatHnde  E    59   26  H. 


58    25K. 


08(M7f 


So  that  the  latitude  is  exactly  the  same  by  bot|i  methods. 

If  the  middle  time  between  the  two  obsenrations  wai  required,  it  would  be  obtained 
by  adding  the  log.  tangent  of  C  8.30263  to  the  log.  secant  of  E  10.22493,  whose  msm^ 
rqecting  10  in  the  injiei,  is  8.52762  which  sought  for  in  the  log.  tangents  correspond  la 
the  Col.  P.  M.  to  Oh.  13m.  36i.  whose  half  Oh.  7m.  43s.  is  the  middle  time  betwecu 
the  two  obserrations.  Taking  the  sum  and  diderence  of  this  and  half  the  elepeed  time, 
4h.  gives  the  times  from  noon  when  the  observations  were  made,  4h.  7m.  43e.  and  3h. 
32m-  178.  the  one  being  befpre  noon,  the  other  afternoon.  The  seme  teault  is  obtaisei 
which  ever  altitude  is  corrected. 

EXAMPLE  IL     [Same  as  Example  XIII.  page  149.] 

Giren  the  moon's  correct  central  altitude  55^  20',  the  moon*s  dedinitiott  0^  30'  N. 
The  sun*s  correct  central  altitude  at  the  same  time  37"^  40',  his  deetinatioa  0^  17*8. 
The  hour  w^glt,  or  difference  of  the  right  ascensions  of  llie  «iun  and  moon  5  hours.  Re- 
quired the  true  latitude,  the  latitude  by  account  being  2ti-  SO'  N. 

Thit  tabular  correction  correnponding  to  the  latitude  by  account  23^  20^  N.  the  sun's 
eltitude  37^  40^,  considered  as  the  first  alUtude.  and  declination  0-*  iT  S.  is  50^,  end  the 
ch%age  of  the  two  decU.iations  from  0 '  17'  S.  to  0^  36'  N.  is  {5^  a)  3180".  this  multi- 
plied by  50,  end  the  two  right  hand  figures  re  eeted,  gives  the  correction  of  eltitude 
1590''»26'  30*,  thu  Is  to  be  added  to  the  altitude  37^  40'  berause  the  change  from  U^ 
17^8.  to  0°  S6'N.  eppreeches  the  son  to  the  elevaled  pole,  theiefore  the  §00*8  eerreded 
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altitude  if  38^  6'  3CV  or  tinply  38^  6"  I  ting  this  nith  the  inor  n>  altiiiir  c  55^  ii/,  \kr 
moon*!  deelinttion  0^  36^  >.  and  the  hour  angle  5  hours,  the  latitude  may  tcfoaad  bt 
tlia  fim  nuthody  in  tlie  following  manner  : 


Col.  1. 

BtapMdtiine      5h. 


Col.  2. 


Coi^S. 


ro-wc   1031555 
Mc.        lOOOOOS 


|8«mAlt*i.  46   49 
I  DUt  MVu     t  37 
O 


eo-wc.  10^1557 
co^ne  a.8a608 
tiDe  9.t7&5er 

sine 


oo-«lne 
Zkc. 


g.P9M7 
10.1  r7K 
l04)04;iC 

P.9&87S 


lV.a36Ul 


tU7M 


D    OO  45'i  K. 


co- 


lumr 


Z    23    0}K. 
£    28    46  N- 


Latitode        230  24'  N. 

Thii  tgreei  with  the  ca1cu1atio!i  by  the  third  method. 

If  themoon*s  altitude  55^  *^&  had  been  considered  as  the  first  altitude  and  corrected, 
the  tabular 
mud  the 
clinatioD 

S386  r=  37  ^' or  simply 
to  obtain  the  corrected  altitude  54^  43',  because  the  change  from  0^  36^  N.  toO^  1?S. 
makes  the  moon  recede  from  the  elevated  pole.  Using  the  corrected  altitude  M^  43" 
tiie  sua*s  declination  0^  17'  S.  and  the  sun's  altitude  37^  4(y  with  the  hour  angle  5b.  the 
latitude  may  be  found  bj  the  fint  mtthody  in  the  following  manner  : 

CoL.  1.  Col.  S.  Col.  3. 

EtapMdtiine       Ah.         co^ec    10.21555 


DsdiiMtkm    (P  \r  8. 

A 
i  8am  Ah's.46  II  i* 
iDUr.AU'9.     8  94 

C 


•ec. 


IOjOOOOi 


co-sec    1021556 


co-tine  9.S4026 
sine  9.17097 
line 


co-slne        9.89947 


co-«ec. 
sec 

9.236791      co-tine 


10.14167 

1000482 

9.90874 


Zmc.        104)88701     Z  24      7(  K. 


co-aee.    13J053 
oo-aine     ISSM? 


D    0°    2I'|8.       co-fCC    I2J0W 


F  88    46    N. 


ftS8ST4 


sine  9160830 


*  l^liich  agreef  with  the  preceding  calculations. 


Utitode        280  34'  N.         siae         ft586BI 


EXAMPLES  FOR  EXERCISE. 

1.  The  tun's  correct  central  altitude  was  41°  33"  12'',  his  declination  14^  N.  After 
an  iaterral  of  Ih.  30m.  his  correct  central  altitude  was  50^  1'  18"  and  decHnatioa  13^ 
68^  38"'.    Latitude  by  account  52^  5'  N.    Required  the  true  latitude  ? 

The  tabular  number  corresponding  to  the  altitude  41^  33"  12"  is  SV  and  thisbcag  ta- 
ken for  the  first  altitude,  is  also  corrected  41^  32^  0",  the  second  altitude  60^  1'  li',  elir 
aed  time  Ih.  30m.  and  decUnaUon  1 3^  58^  38^  N.    These  make  the  laUtude  52^  S'  N. 

Or,  by  taking  50*^  V 12^  for  the  first  altitude,  and  using  the  correspondiiig  dedinatioa, 
the  tabular  number  is  95^,  the  corrected  jirsf  altitude  becomes  SOP  2^30",  tiaing  thb  wA 
the  tecoruf  alUtude4lc>  33^  12"  the  declination  14^  N.  and  the  elapsed  tinoe  Ih.  30.  The 
latitude  becomes  as  before  52^  5'  N. 

2.  Given  the  correct  central  altitude  of  the  moon  53^  43',  her  declination  14°  16'  N. 
Alter  an  interval  in  which  the  hour  angle  was  Ih.  44m.  15s.  her  correct  central  alti- 
tude was  42^  29^  and  declinaUon  13^  52^  N.  The  latitude  by  account  48^  54'  N.  Re- 
quired the  true  latitude  ? 

With  the  first  altitude  and  first  declination  the  tabular  number  is  98",  and  the  correct- 
ed first  altitude  53^  19'  28",  the  second  altitude  42^  29'  with  which  and  the  dedinatioB 
13°  52^  N.  and  the  corrected  elapsed  time  or  hour  angle  Ih.  44m.  ISa.  the  latitude  will 
be  found  48^  55' N. 

*    *  In  taklDfr  tb«  half  sum  and  haif  dUTerense  of  the  allUiKl(>*,  it  will  br  conwiurai  to  prove  ike 
racy  ol  tKe  calculaiioD  bj  uddinK  thb  half  »uni  to  tbe  half  dlflerence.  fnr  tbeMiai  wUl  be  Ike 
lilude.      Tbe  diffinence  of  tbeiamr  nomhpn  will  be  ibe  least  aWlude.    Thua  !•  the  prvaa^  .. 
4€0  ii'i  ^  8*  St'is54«  43'  the  greater  althode,  ^ad  460  ii'|.-8«  3r}=:S70  40"  tbe  leaac  atthad^. 
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Or,  br  Ukii«  48°  39'  Tot  the  fint  tlUtaie,  ind  1 3°  £3*  N.  for  the  fint  decIiaUion,  tba 
ubuUrcorraetion  rill  be  83",  tba  eoncctedjiril  >ltitudc4a°  49'.iuing  tbn  and  tlwMC- 
anJ  (ItiUide  53^  43',  tbe  canoponding  KcoDd  c!«liD«lion  14°  lb'  N.  and  tke  faoiir  u- 
gle  lb.  44m.    15i.   the  Utibde  oill  be  Tgund  43=  SV  N.  Dcuijr  ■erceing  with  the  Tor- 


3.  airea  the  coneet  eeatral  iltilade  of  tbe  inoaB  55^  38*,  her  deelinetion  O^WB. 
AderanintenBlinirhich  the  houru^emi  ah.  30in.  49s.  her  correct  cenlnl  altilnde 
ma  S9-' 67',  end  her  decllaitioo  1"  10"  N.  The  latitude  bf  account  !3°  35' S.  Re. 
^ired  the  true  latitude  7 

With  the  ^1  altitude  55^  3S'andtheJIril  deelinatiaB  0°  30' S.  tbe  tabular  CDrrectioB 
ii  71"  and  tbejint  corrected  altitude  54°  34'  6".  Unog  Ihii  with  tbe  lecoiid  altitude 
39^  it,  (be  ■econd  declination  1"  IV  N.  and  the  hour  sagle  5ta.  30id.  499.  tbe  traa 
atitnde  wUl  be  Amnd  43"  33*  S. 

Or.bjtaki4  39"5rrar  tbejSnl  altitude,  and  1°  10' N.  for  the  J(nl  deelinatioci,  tba 
tabnltreomctian  will  be  45^  and  the  fint  corrected  altitude  30'' 3r.  Uilasthli  with 
tbencaHrfaltltudeSS'^SS'theNeoBAdediaationO^SO'S.andlbeboin-aDKle  5h.  30a. 
4%.  tbe  tmelatilude  win  be  rouadtpbeSS-'Sd' S.  nearly  agreeii^  with  Oe  pracediBi 
calculation*. 

In  makiag  tbe  ealculitioni  of  theae  three  eiaiaplei  the  Mcond*  were  noticed,  which 
iialwaji  beat  to  be  done,  partieularif  irten  the  altitudes  are  nearly  equal)  Maoe  diUcr- 
ence  mi^t  be  Tound  in  the  aboie  reaulti  if  the  oeareit  minutea  only  were  taken.  Thna, 
Eiunple  XII.  page  144,ealculattn|;to  (he  neareat  minute,  onlj  gjiM  the  latitude  ili-'Vf. 
If  the  calculation  be  made  a]  in  Ei.  I.  of  ihie  appendii.il  becomeif>3"35',  diSerii^;  t. 
This  would  he  aroided  b^  taking  the  angles  to  lecondi,  and  in  lOtne  extreme  cm*  it 
would  icquirelheuiie  arbor  7  placea  of  decimals. 
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QBUL*  am   QVASKAira  8TOBB. 

EDMUND  AND  GEORGE  W.  BLUNT, 


HAVE  OPENED   4  CHART  AND  QUADRANT  STOBE^ 
Ifo.  1 49  FL  r-3rA  RKE  TSTREE  T, 

One  door  •Imve  the  North  corner  of  Front-Slreet,  NEW-TORK ;  where,  by  pei- 
■nl  ■ttention  to  biuineu,  thef  hope  to  leceiTe  that  pRtron^e  whiefa  indmtij  uid 
neTennce  meiit.    Thej  h>Te  for  utc — 

BOOKS: 

OWDITCH-S  PRACTICAL  NAVIGATOR,  Gth  edWon,  .tcreoljrptd- 

Lurrrs  American  coast  pilot,  lotb  eduion. 

HE  MERCHANT'S  AND  SHIP-MASTER'S  ASSISTANT,  conUinii^  mAimil- 

lioii  asdU  to  mcrchuita.  routers  of  ibips,  &c. 

ADTICAL  ALMANACS,  rronn  the  jear.lSlI  to  l8Sfl,'bath  indusive— 14  te  ca;Uiltil- 

«d  uuiiellj.     ExplaOBtian  iitercot)-|icd.  and  English  cop;  coircclciJ.  . 

EAMANSHIF  AND  NAVAL  TACTICS,  second  edition.  • 

SARD'S  LUNAR  TABLES. 

CHARTS. 

.  NEW  CHART,  extending  rram  Naw-Vark  lo  Havana,  including  Bahama  BadW 
and  Chaanelg,  improTed  bf  actual  mrreys  of  the  Chcieaptakt  Bag,  bj  order  o! 
.  the  Narj  Departaent,  uid  of  Capes  Nsllrru,  Load  Oat,  anrl  Ftw  Sha^,  in  coni- 
fonnilj  lo  aa  act  of  Cou~rcss  of  the  United  Slates,  and  randucted  undu'  the  di- 
rection of  J.  D.  ELLIOT,  Esq.  C^.  in  tbeU.  S.  Nai7,  and  bj  perminion  of  Hon. 
SMITH  THOMPSON^Secretarr  of  the  Naiy,  copied ,  and  cantaina  all  the  Sur- 
T^rimadeon  the  CouFof  ^oriA  Cirol>M,ii}  theprcsenl  tinie(ias(.)    Thii  Chart 

■■" ' ince  trnproied  l>j  a  surrej  from  Sandj  Hooh  to  Cape  Maj,  under  the  di- 

CapL  JONATHAN  COLESWORTHY,  and  EDMUND  BLDNT,  Hj- 
r.     It  baa  alW)  sereral  PLANS  of  HARBOURS,  from  letual  surrcri. 


— ^-r -  -.-Isuntji. 

to.  nf  the  MissiaaipiM  Birer,  eitending  to   New-Orleans,  including  Mobile,  &c.  with 

sailiag  directianii,  and  plan  of  Mobile,  on  a  targe  scale,  from  actoat  imrej. 
10.  of  Bahama  Bauki,  fmn  actual  lurrej,  made  in  sloop  Orbit,  in  1S80,  with  aailing 

dircctiotii. 
»0.  from  New-York  lo  Noia  Scotia,  extendin'  from  latitude  38=  N.  lo  latitude  47°  N. 

longitude  eS'  W.  to  longitude  74-  W.  including  Ihe  wbolc  of  SL  Getnge't  Bank. 

impnned  to  Auguit,  IBS  I,  b;  gOTemment  and  other  suncy»,  by  which  the  latitude 

of  the  South  Shoal  of  Nantoclict  wai  fouud  2Sf  wrong,  and  is  here,  for  the  Sni 


X>>  of  the  Atlantic  or  Weatem  Ocean.  intpravRd  to  1S20,  with  an  Analysis  of  the  >U- 

thorttia*  upon  which  the  dai^n  bate  been  inserted  on  the  Chart.    The  7*rack.> 

extaadtalhe  Equator,  and  an  continued  on  the  Chart  of  the  Sonlb  Atlantic  Ocean. 

nb  la  Iha  oah  );tiiera|'Ch»rt  extant  which  hns  Ihe  latitude  of  the  Sooth  Shoal  of 

NantiKket  wiain  S9  miles  correcL 
}0.  of  the  South  Atlantic  Ocean,  coataining  more  authentic  information  than  anyex- 

lont,  part  oT  whkh  describes  dangen  lately  discorerral,  with  original  plans  of  kar- 

boon  and  riawi. 
yO.  of  the  North  Coast  of  Brazil,  showing  the  entrances  and  courses  of  the  lUftrs 

Para  and  Amazon. 
00.  of  the  IVeit-Indie«,  so  four  ihccti, which  maybe  hadaeparale. 
DO.  of  the  Coast  of  Guyana. 
DO.  of  the  Coast  ofBraiil. 

00.  of  the  Island  of  Bermuda!,  with  sailing  directions  on  the  char). 
00.  of  Long  Island  Sound,  improred  to  1S!I. 
DO.  of  Ihe  Coast  of  Labrador. 

DO.  of  Newfoundland.  ' 

FLAN  of  New-Landon  Harbour,  surreyed  by  CHARLES  MOBRJS,  En].  oT  Ihe  Unittii 

StatcsNary.  by  order  of  Commodore  RODGERS.aad  to  him  reipeetltalty  dedicated. 

Repeating  Circles  ;   Brass  Sextants,  with  Telescopes  complete,  in  mahogany  cases ; 

Bnsa  BextanU  Cbr  the  poeket ;  Ebony  ScitaDts )  (lutdranis  of  auperfar  maks,  with 

Takacopes  ;  ditto  without ;  Anifidal  Horiions  ;  Steering,  Storm,  Anplilade,  AtiDUlb, 

pMfcet  and  Hanging  Comfsaos  ,  Day  Telescopes  lor  sea  or  hind  ;  Night  and.Di^ 

Tdoseopes  ;  Niriit  Tetoacopes,  either  to  inTBrt  the  otyeet  or  show  it  ei^  ;  Casaa  or 

tolrnmiints  bt NaTigatioa  aad  Dr«win( mnneral ;  Scales  a>d  Dividers ,  C^amon 

•ad  SUdiiK  Quntar's  Scale*  j  Hast-taaken',  S^-carpenlers',  and  Cordsfa  Rale* ;  Ha- 

riRcandCoBrngaThermMnsten;  Log  and  TlmeOhasn;  BaraBdCoMpwindMlciMfi; 

Vu 


Jack  And  Ite-Knivef  of  various  kinds  ;  Writing  uud  Letter  Paper ;  Ink  ui  hkPof^ 
der ;  Lead  and  ^hte  Pencib  ;  Log  and  Account  Books  ;  Seamans*  Jounili  — wtt 
everj  article  in  the  tt&tionary  line  useful  at  sea. 

Also,  cTery  Chart  and  Natigation  Book  required  by  gentlemen  nafigatii^  ttv 
part  of  the  g^obe,  it  being  their  solo  object  to  furnish  an  umrersal  assortment  on  lhea« 
reasonable  terms. 

Id**  Compasses,  Sextants,  Quadrants,  Thermometers,  Baronieters,  and  SpjuMa 
comctly  repaired ;  and  orders  \ei\  at  their  Htore  will  be  punctually  attended  to  bj  ni' 
ing  for  the  article,  and  when  repaired,  carefully  rcturued. 

Cash  giren  for  second  hand  Instruments. 

Published  by  E.  ^  C.  n\  BLUNT, 

PLAN  of  New-York  Harbour,  from  actual  survey,  and  whieh  may  be  used  wiik  up 
greatest  confidence  when  a  Pilot  cannot  be  obtained,  also — a  second  cdittonrf  WABD^ 
Lunar  fables. 

Preparing  for  PublisIUtig, 

Whkh  win  appear  at  the  commencement  of  the  year  1827,  a  CHART  of  tkUm 
^  JTortk  Anurica,  on  a  Scale,  and  with  such  improTements,  as  are  not  to  be  tmcm 
anr  extant 
May,  1826.  

[  NOAH  T.  PIKE, 

Draper^  Mercer^  and  Merchant  Tailor^ 

No.  319  Pcari-Street  NEW- YORK,  Franklib-Sqaire, 

Respectfully  informs  the  public  in  general,  that  he  has  conataatfy  on  hand  (mt  kia  ofr 
blishment)  a  choiee  assortment  of  fashionable  ClUh$,  CasaHnerm,  mid  Testings,  of  a  haa^ 
some  ▼arieU' and  taste. 

He  would,  in  particular,  inform  those  who  may  please  to  ftvour  Urn  wkh  patnasp' 
that  his  goods  are  constantly  of  such  rariety  in  style  and  qualily,  as  is  cakalatod  to  ac- 
commodate his  customers  with  any  article  of  Clotuino  in  his  line,  aoitable  teof 
season  of  the  year,  which  he  will  guarantee  to  ftirnish  them  with  at  the  shortest  aockc, 
ezeeuted  in  the  most  durable  and  fashionable  style,  and  on  the  moot  leaaoaiUs  icmi> 

KCP  He  thus  solicits,  as  he  hopes  to  merit,  a  generous  share  of  poUkfttnaap- 

April,  1826. 

KOOXUffO  OLAS8B8. 

The  New-Yotk  Looking  Glass  Manufacturing  Company,  No.  80  WaD-stieet,  lapcct* 
fully  inform  Shqipers,  Country  Merchants  and  the  public  in  general,  thai  they  «cMV 
ready  to  supply  them  with  Mantel  and  Pier  Loolong  Glasses, 'of  eieiy  sin  wA"^ 
riety  ai  pattern,  equal  in  quality  to  any  offered  in  tUs  ei^,  and  at  the  mast  nM 
prices.  Those  therefore,  who  wish  to  purchase,  will  find  it  to  theff  adtaaCvp  ^  cd 
and  examine  for  thcmselres. 

Masters  of  Veasek,  having  orders  for  the  above  artides,  maT  d^ead  on  Ait  pmcti- 
ality  and  liberality  in  prices,  which  will  ever  give  satisfocoon,  and  the  fpuks^  ^ 
tention  wiD  be  paid  in  packing. 

New- York,  April,  lEe.  M.  O'CONNOR,  Agmt^ 

HALF-PRICE  BCX)K.STORE, 

No.  4  South  Front'Strcet,  Philadelphia. 

Books  in  almost  every  department  of  literature  may  be  boug^it  at  the  Udf'fi^ 
Book-Store,  at  an  average  of  about  one-half  die  usual  retail  prices.  Seaics  ni  eiff* 
right  books,  which  cannot  be  afforded  so  low,  will,  in  e^ery  instance,  be  eoM  ULtteli*' 
est  prices. 

Blank  Books,  Paper,  Quills,  Inkpowder,  and  a  general  anortment  of  Stationaiy. 

NAUTICAL  BOOKS. 

Blunt's  Coast  Pflot,  Bowditch's  Navigator,  Nautical  Almanacs,  Ship-Mvlei^  ^ 
sistant.  Charts,  &c. 

Passengers  and  others,  who  may  want  Books  to  amuse  tfaemMhres  witli  dnrivg  A** 
leisure  hour«,  may  often  buy  here  sueh  as  Novels,  Magasines,  or  other  U^ 
muoh  lower  than  half  or  even  one-fourth  the  nominal  pnc^ 

May,  18ie. 


WAMBIff OTON  HA&L. 

M*INTYR£,  Washington  Hall,  282  Broadway,  corner  of 

Reed-street,  New-York, 
RSEMpectAiUy  infonn*  the  public,  he  b  at  aO  times  ready  to  acconmiodate  with 
BOARD  and  LODGING  priirate  families,  and  gentiemen  who  mtf  resort  to  this  city 
for  business  or  pleasure,  and  irith  confidence  assures  them,  hb  establishment  is  not  ex- 
oeoded  bj  any  other  in  the  city  for  conTcnience  and  comfort ;  and  being  in  the  nei|^- 
bouxhood  of  the  Theatre,  Museum,  City  Hall,  and  places  of  amusement,  he  flatters 
bimsalf  in  giTing  the  greatest  satislhction.  May,  iBifk 

JOHN  J.  RICKER5, 

IMPORTER  AND  MANUF\CTURER  OF 

PIANO  FORTES,  S^c.  AND  MUSIC  SELLER, 

No  187  BROADWAY,  NEW-YORK. 
Piano  Fortes  repaired  in  a  Tery  superior  style.  ^I>^y».  1^^ 


■        imIi 


WILLIAM  H.  PRIESTS 
JBWBXZS117  ASn>  WA^OB  STOKB, 

No.  1 89  Broadway,  opposite  John-street^ 

NEW-YORK. 

A  genera]  assortment  of  Fashionable  Jewellery,  Siher,  Plated,  and  Britaania  Wm, 
Fine  Cutleiy,  Clocks,  Watches,  and  Faney  Articles. 

*^*  Particular  attention  paid  to  Watch  Repairing. 
April,  1826. 

MERCHANT  TAILORS. 

ALEXANDER  DOUGHER I Y  &  SON,  Merchant  Tailors,  No.  39  South  Front-Street 
PJULADELPUIA,  have  for  sale  a  variety  of 

CLOTHING  OF  FIRST  QUALITY. 
*^*  Nary  and  Army  Officers  may  supply  themselves  on  the  most  reasooable  fatiM, 
tnd  with  the  neatest  ftshions.  May,  WS^ 


CLOTHING  STORE. 

ALEXANDER  DOUGHERTY  &  SON,  Tailors,  No.  40  Sonth  WaterstieeC  PJXT* 
LADELPHLA,  have  constantly  on  hand  a  regular  and  extensive  assortment  of  CLOTBU 
ING,  where  OiBcers  and  Seamen  may  supply  themselves  on  the  moat  satiiftclbiT  tanik 

May,  1890. 

JAMES  B.  STANSBURY, 

No.  33  Thamet-Mtreet,  FelVa  Point, 
BALTIMORE, 

Has  (br  sale  a  general  assortment  of  MEDlCUfES  and  DRUQS,  of  the  best  <)aaCl^ 
lies,  wholesale  and  retail. 

MEDICINE  CHESTS  of  every  description,  for  shioping  and  private  famflias  put  up 
at  the  shortest  notice  and  in  the  neatest  manner.  Old  Medicine  Chesti  refitted  wfth 
the  neatest  care  and  despatch,  with  plain  and  ample  directions,  and  on  the  lowest  i 

l^ay,  1886. 

^  PETER  McLaughlin,  ^ 

CHEAP  CLOTHING  STORE, 

No.  59  Pratt-street,  Baltimore. 

|C3^  Fine  and  eoarae  goods  made  up  and  sold  at  the  lowest  prftw. 
Mhy,  182^. 


BEDDING  WJ 

Xo.  270  North  Sccond-streety  above  the  Golden  Larnhg 

PHILADELPHIA. 

BENJAMIN  O.  HODGES,  respectfully  informs  his  friends  and  the  publie  in  sraent 
that  he  keeps  on  hand  a  constant  supply  of  Beds  and  Bedding,  Mattresses  of  sH  kiadi^ 
Saddng-Bottoms— F£.4r//£i{S  of  the  best  quality,  Curled  Hair,  Moos,  Flocks,  Cit- 
tails,  Cotton,  Wool,  and  a  general  assortment  of  CABIXET  WJUtB^  watk  st  Bed- 
steads, Bureaus,  Tables.  Sideboards,  Children's  Cribs,  Cradles,  WaiUi-stajBds,  kt-wdt 
general  assortment  of  CHMRSy  and  a  number  of  other  articles  in  his  line,  al  of  vftid 
ne  will  sell  on  reasonable  terms.  Young  persons  who  are  about  to  commeBce  Wmi^• 
keeping  will  find  it  to  their  advantage  to  eall  and  see  his  assortment^  and  Sliip-Ma*n 
.  will  be  furnished  on  the  most  liberal  terstis. 

May.  1826. 

^f\  TWEBD  A  BOmVBKp 

B^i^  vFancy  and  Windsor  Chair  Manufaefttrers^ 

^^jTm  No.  S  Cherry-street,  one  door  from  IloreF-stceet^ 

^    1  '  NEWYORK, 

!CP  Orders  ihankfuUy  reeeircd,  and  executed  with  punctuality  and  despatch.  1 
liberal  allowance  made  to  shippers. 

Old  Chcdrs  repaired^  painted,  and  regUt, 
April,  1826. 

'^  J.  W.  DURYEE,  ~' 

>'o.  206  Pearl'Streett  next  door  to  ike  comer  of  Fly-Mathet-sUp 

NEW-YORK, 

Has  for  sale  a  general  assortment  of  Drugs,  Medicines  of  all  Idndsy  Perfumeiy,  Djip' 
and  Fullers'  articles,  Patent  Medicines,  &c.  of  the  b«(t  qualities  and  low  prices. 

MEDICINE  CHESTS  put  up  and  repabred  with  care  and  despatch,  by  a  pcafesnoa 
al  character,  and  all  orders  left  at  206  Pearl-street,  will  be  promptly  attendad  to. 

May,  1826. 

^  ^ISAAC  W.  GOODRICH, 

STATIONER, 

No.  76  State-Street Boston,  (Mass.) 

Has  for  sale,  Ledgers,  Journals,  Cash,  Sales,  Inroice,  and  Letter-Bookiy  lalel  nl 
bound,  in  the  neatest  manner  ;  Paper,  warranted  of  the  very  first  quality,  priecslm; 
EngUrti,  Italian,  and  American  writing  paper ;  Letter,  do. :  Dutch,  English,  and  Aaed- 
can  QuUls ;  Ink  powder ;  Wax,  Wafers  ;  Ked  and  Black  Ink ;  Penknives,  of  Bod^i 
manufacture,  150  dificrent  patterns,  one  to  eight  blades,  IS  cent:-  to  $5  each :  John  Bv 
her's  Old  English  Razors,  warranted  good,  or  money  returned  ;  Emerson^s  Razor  Strapi, 
superior  to  any  in  use  ;  Playing  Cards,  by  groce,  dozen,  or  single  pack,  at  maaaftelv- 
er*s  prices  ;  Day  &  Martinis  Heal  Japan  Liquid  Blacking,  by  cuik,  dozen,  oroMle jig; 
Bow  ditch  a  new  edition  Navigator  ;  BlUnt'si  Amcncau  Coa^t  Pilot  ;  NanticJl  iina- 
nucc  Ik-ady  Ca.culaion.  :  ''ai^o^^  }  iiv.ician  "c-aii.anV  Journals,  printed  fbnH,  My 
.-;2e  o-  tiiicUricco.  •  ouii-j. 

M.icliaiiio  \vi!i  aiua^  .nu  a  .•.0...^.',:  ti  a.-v,  irt-MU  c^  bii.jkf-,  twch  as  CbeffcB,B9B 
Lading,  Liitri^.i,  AianilcbtA,  shipping  lapera,  cxc.  ivc.  .Veco^nt  Books,  in  aets,  nM 
and  bound  to  any  pattern.     Old  books  re-bound. 

I.  W.  G.  has  a  manufiictory  of  Ca{f^Skin  F&cket  Book^,  and  can  furnish  tliem  in  a  i<|k 
superior  to  any  manufactured  in  the  United  States,  and  as  low.  Purchasers  are  in- 
Tited  to  call  and  examine  for  themselves. 

'*'i^*  Sea-faring  persons  can  be  supplied  witii  Stationary,  Nautical  Books  and  Chuts, 
by  sending  their  orders,  and  on  as  eood  terras  as  can  be  porchased  for  in  Boston.  Stors 
open  till  9  o'clock  evenings.    Goods  sent  to  any  part  of  the  town,  crttis* 
ARril,  1?26. 


EDMUND   HAVXLAND. 

IMPOItTUn     OK 

CHINA,  GLASS  AND  KARTHENWARE, 

HAS  canMuiIlj  on  hand  an  eilco 
CHINA  ind  EARTHENWARE,  jj 
aiku  slore 

No.  306  Ptarlslrtrt,  just  below  Prtk-slip.  Nnr-York. 

N.  B.  The  mor<t  Bppru«4  nniclu  sui!  paltcmi  for  ahlp't  uii>.  MaTi  1^*^    ' 


OASXIff£T   WABUHOVSZi, 

JVo.  48  CmtU-ttrett, 

HBNRV  M.  BRITON,  iofaniH  Ibe  public  tlul  hi;hiu  Fon^titntlj  oobui'!,  an  aixa- 
avn  aaaortiDKnlot  Furnitare,  of  FVrrr  ducriplion  In  hit  line,  logethet  vitb  Maboguij 
Chiili  of  IbeRnl  Hjle  ;  all  of  vliifb  be  will  dtipoKof  oo  liic  mcut  ruiouible  tenns. 

A  share  of  Ihe  public  pstroniSL'ii  laliritnU  Nrw-Vork,  Msj,  19S6. 

JVo.  yS  Caaal-ttrtrt,  Ncw-Voiifc. 
[CP^UeboaTdi,  Secrelarin,  Sofu,  DininF,   BrclklW  uid  Card  Tab!a,&c.  he.  of 
Ihe  newest  bihiom,  and  made  of  the  but  uatcri&ii,  con'tloU;  tot  mle — or  n^dc  \e  <n- 
lin,  OD  tbe  ncMt  HrFamaiadBtiDg  tenni.  Moj,  IWA. 

rxAivo  roRTfis. 

T.  LOUD,— PIANO  FORTE,  MAKER,  irfoin  l-uDdon,)  re«pectfullj  uifoma  Uw- 
public  (bat  he  hu  rerlcnubed  hu  ilodc,  and  has  fur  talt  a  baudiDme  UHitment  of 
•Trj  niiierior  Plana  Fortes  of  fodcA  and  lent,  utMcva  In  be  equalled  ;  one  of  vhieb.  jiitl 
finiafaed,  witb  four  pedab,  is  of  unutual  and  unhTaled  9plendi>iir,  cniled  irilh  real  u- 
cdlenec.  Merchauli  rihlini;  the  atf,  would  roii>uIt  the  inleieil  of  Ibenuelnes  and 
Ijiendi,  (fnaa  whom  tbey  maj  hate  hrou^l  ordrn)  h;  eianining  (be  iborei  Prires 
modctUe,  and  all  Pnnoi  wananted.  Pianm  tuned  and  repaired,  and  oM  nnei  taken  Iti 
eackaopk     No.  lOS  Cannl-ilreel,  (between  BroadMrs;  nnd  L^jctta  Circiu.) 

April,  18)6. 

FIKTH  &  HALL,  " 

Mtineal  Instrument  Maken,  and  Imporim  of 
ALL    KINDS    OF    .MUSICAL    MIUtCH.VNDISE, 
A'(t.  3&8  Ptatl-ttTtit.  nrar  fmnktiit-iquort. 
iNE^-YOi  K, 
n»e  canitantl]'  for  wile  an  a»orlDiciit  of  Pianu  i'nrles.  and  Miuieal  Itntnunenls  of 
the  Doet  CBkbnlcd  Mikeia  inilul  llwiruwu  ni..nuriirturr  .  lugethei  nitb  trrij  olber  ar- 
ticle of  Mntiral  Merebantluc.  wbiik-iali:  and  itui},  un  lie  nioit  liberal  tenna.      BANDS 
■upptied  wiUi  Inilrumenit,  tu:.    Mufical  Imt^uni'  iilr  u(  all  kind;  tuned  Bin!  re|aireil 
in  lie  neatest  manner.      Ml  orderi  IhunkfiJIl   nc^iicd  and  altcudcd  Id  nilb  tare  and 
despatch.  Ajiril,  <8!«. 

BOOK,  STATIONARY,  AND  VARIETY  STORE. 

Thames-ttrtet,  late  FeO-street,  FtWt  Pettif, 
April  tr.^  BALTHrORE 


CABINET   VAREBOV8B. 

BOSS  &  FAIUCHILD 


belliuiltruUjreeeiTed  tDdpuDctMHjBtlended  tc. , . „ 

of  imltatioiu  oT  irood  of  all  deampliont,  punted  bj  ode  of  tlw  fir*t  paintan  h  fte 
coontij.  Apifli  Wl. 


A  CENRRAI.   ASSOkTMENT  OF 

BPOllTIirO    VAOX&B, 

WHOLESALE  MifD  RETAIL, 
AT  ISRAEL  HORSFIELD  S  HARDWARE  STORE, 

No.  230  Woier-jlreel,  New- York. 

fithin;  Tiefclf. — Fish  rods,  ■viieli,  ilirimp  ntU,  Ii.dia  gi«M,  lutir,  got  ind  iu  Imn. 
bntu  and  wood  leali,  floats,  nokera,  gentleoieD'i  li>h  can,  ailkwinBt  pit,  ■■^i  nd 
Inisted,  Kiiby  and  taper  point  fiih-hooka  fastened  on  gut,  |fnn.  hair,  and  flaifadL 
PalCDt  spring  pickerel,  R.  Hemming  &  Son'i  rojal  improred  cait,  and  best  rtatl  IQA;. 
taper  ptuDl  munel,  mackerel,  whiting,  cod,  and,  leaSth-hooki,  itMiiped  L  P. 

Shutting  Tacldt. — DutTord  canister,  English  and  Ameriean  gunpowder,  p«UM  ikM, 
shot  bags,  p«wder  flasks,  horna.  game  bags,  gun  worms,  locks,  kj:.  tc 

ALSO,  A  GEHEBAL  ASSORTMENT  OF  HAKDWARE. 

Maj,IS36. 

nova  STORB. 

Tbe  subKTibers  hate  constanllj  on  hand  and  for  sale  at  No.  >3S  Fmnl  liwtl  !!*»• 
Tork,  a  large  and  general  assortnient  of  New-Vork  Canal,  Philadelpllia,  ItalllMili,  wt 
Richmond  Superfine  and  Vint  FLOLR— AIh>,  Rje.  iBdhtn.  and  Backwfeeu  HUL 
which  tbc;  sell  at  the  ioweet  market  prices,  and  warrant  ail  Fluur  sold  bj  tba  Wbc 
equal  to  the  representolion. 

Merchants,  Masters  of  leuela,  and  priiate  famitiet,  will  always  be  suicilitdwilk  1 
superior  tnieU.  NEWELL  &  PARSONS. 

New-York,  April,  1BS6.  No.  833  Froot-et.  near  PacM^. 

LolttTi/  andEzckange  Office,  N".  le  Slate-atreel,  Boiton. 

Where  bSTe  lecentlj  been  sold  the  ftdlowing  Capital  Prizes,  lii : — 
1    Prize  of    9j0,000  I    97    Vriica  of  $10,000 

3  da.  16,000    ,34        do.  500 

4  do.  10,000 1  SIS        do.  100 
6        do.            6,000 1  31S        do.  50 

llie  Capital  Prize  of  f  50,000  i»  the  higbul  e>er  sold  in  Boston  ;  and  tiie  e^  ni 
advanced  on  prcsentiaent  of  tbe  ticket  at  tbe  above  offie^  an  the  dar  the  dnww  WM 
leceiTsd.  Tickets  ma;  be  bad  In  all  the  Lottenes  drawn  in  the  LiBitad  till  In i.  aid 
tbe  cash  paid  for  priies  soon  as  drawn. 

Orders  enclosing  cash  (post  paid}  will  meet  with  immediate  att«nbit 


OARPBTINO. 
J.  A  Y.  B.  SAOKBTTp 

0fferjQf  sale  at  Aeir  Stouy  96  Dmsum-tt.,  ntariy  opposite  Marlctt-st. 

An  cstinnTe  iMOitaieiit  of  VENETIAN,  BRUSSELS,  and  EN6USH  INGttAIN- 
£D  CARPE  riNG,  \»r^  and  elegant  patterns,  of  all  qualities ;  Nankin  and  Canton 
Matting  ;  Brussels,  Wilton  and  Imperial  Rugs  -y    '  able  and  Piano  Covers,  &e.  &c 

Bierdnnts  and  Ship-Masters,  in  ftimishing  ship's  cabins,  will  find  it  greatly  for  their 
interest  to  applj  as  above. 

N.  B.  AlsioHr-a  splendid  assortment  of  light  Carpeting,  patterns  and  quality  equal 
to  any  ever  imported,  at  prices  which  will  be  an  object  to  those  who  are  in  want  of  the 
above  articles.  New- York,  April,  18S6. 

YORK  HOUSE, 

NOS.  5  AND  7,  COURTLANDT-STREET, 

NBW-YORK, 

BY  A.  romflk 

May,  1826. 

GILBERr  &  Sf^lVS, 

EXCHANGE-STREET,  BOSTON, 

v.  S.  Stocks,  ^  Dollars,  \ 

Notes  of  Han^&c,  J  Bank  Noles»     J 

LoTTBRT  Tickets  in  all  legally  authorized  Lotteries,  constantly  for  sale.— rAtfend 
generally  to  all  business  relating  to  Stock  Exchange,  Money  and  Lottery  Brokers. 
April,  1826. 


J.  HORSPOOL, 

CABINET,  CHAIR,  AND  SOFA 

MANUFACTURER, 


16 

J.  H.  assures  the  public,  that  all  orders  in  his  line  will  be  attended  to  with  punctuality 
and  despatch. 
KJ^  Orders  firom  the  Southward  wiD  meet  with  immediate  attention. 
New-Tork,  May,  i826. 

WILLIAM  BIGELOW, 

BOOKBINDER, 

No.  50  Fulton'Streety  Brooklyn. 

BOOKBINDING,  in  all  its  Tarious  branches,  executed  with  neatness  and  despatch. 

Merchants'  Account  Books,  Writing  Books,  &c.  ruled  to  patterns  at  the  shortc:!t 
notice. 

Backgammon  Tables,  Chess  Boards,  Battledores,  Dice  Boxes,  &c.  wholesale  and  re- 
tail.— Mape,  Pictures,  &c.  varnished  in  the  neatest  manner.  s 

Brooklyn,  1626. 

G.  &  R.  WAITES  LOTTERY  Ax\D  T~ 

EXCHANGE  OFFICES, 

Comer  of  Broadway  and  Maiden-lane,  and  th€  comer  of  Broadway  and  Fulton- 
stnet,  New-Toilt— aouth-west  comer  of  Third  and  Chesnut-streets,  Philadelphia — and 
comer  of  Charles  and  Market-streets,  Baltimore.  At  all  the  above  offices.  Bank  Notes 
are  diseoonted  at  the  lowest  rates,  and  the  highest  premium  given  for  Gold.  Tickets 
and  shares  in  all  the  Lotteries  for  sale.  Cash  advanced  for  pises  as  soon  as  drawn. 
At  Waitea*  offices  have  been  sold  and  paxi  Prizes  amownfmg  to  ucbt  muxiovs  of 
noLLAHB.  April,  182<f. 


NATIONAL  HOTEL. 

The  public  is  respectfully  informed,  that  the  splendid  edifice  recently  erected  in  tk 
city  of  New- York,  by  Joseph  Delacroix,  Esq.  is  opened  for  their  aocommodation.— TW 
cstabl^hment  is  situated  in  one  of  the  most  airy  and  agreeable  parts  of  BroadvtT, 
fiea^  opposite  the  City  Hotel,  was  built  expressly -for  a  house  of  public  aocommodiliQii) 
and  is  belieTcd  to  possess  advantages  for  rendering  a  residence  to  strangen  of  bHms 
or  pleasure,  pleasant  and  comfortable,  not  surpassed  in  this  country. 

The  Leasers,  anxious  to  render  the  National  Hotel  alike  creifitable  to  tbeimehci  wai  to 
this  commercial  metropolis,  have  spared  no  exertion  or  expense,  to  finish  the  eStaUiA- 
ment  in  a  style  they  are  fully  confident  will  secure  public  approbation  and  suppoit  ki 
immediate  superintendance  is  confided  to  Mr.  E.  BOARDMAN,  a  gentleman 
perience  and  capacity  of  conducting;  a  concern  of  this  kind  are  well  known  to 
and  renders  any  pledge  on  the  part  of  the  proprietors  for  its  proper  managcnent, 
ccssary. 

Extensive  arrangements  have  been  made  for  the  reception  of  pemanent  BOARDERS, 
and  the  accommodation  of  gentlemen  with  their  families,  with  private  suits  of  naif* 
mcnts.  May,  InS. 

OSDWBT    KnVG, 

MATHEMATICAL  LYSTRUMENT  MAKER, 

xro.  118 

State- Street,  opposite  Broad-Street r 
BOSTON, 

Hai  constancy  for  sale,  wholesale  and  retail,  a  general  assortment  ef  Malhemalkal 
and  Philosophical  Instruments,  of  the  beat  quality,  (warranted,)  eonprisi^g  atieiet  of 
almost  every  description  in  the  mathematical  line,  viz  : —  ' 

Sextants  of  ebony  and  metal,  with  silver,  brass  and  ivory  ■ickiii  Qjiiflni<i,  trtAi 
Und  without  tangent  and  vertical  screws — Da^  and  Night  Telescopes,  with  and  wiftont 
brass  shades,  and  Telescopes  of  every  description — azimuth,  amplitade,  ttona,  bruff 
and  wood  binnacle,  hanging,  and  pocket  Compasses — Binnaele  Lamps,  Time  GSssas 
of  every  quality,  Thermometers,  Marine  BkrometerSjScales  and  Dindexa,  Parallel  RidBt, 
Protracters,  cases  of  Instruments,  &c.  &c. 

Bowditch^s  Practical  Navigator,  Blunt's  American  Coast  Pilot,  do.  SeamamUp  and 
Naval  Tactics,  do.  Nautical  Almanacs,  Shipmaster's  Assistant,  Merchant  and  Set- 
man's  EXPEDITIOUS  MEASURER* consisting  of  a  set  of  Tables,  whhA  shewat  «• 
view  the  Solid  Contents  of  all  kinds  of  packages  and  casks,  according  to  their  tevotl 
Lengths,  Breadths,  and  Depths  :  alno.  Rules  for  determining  the  contents  of  tf  isitB 
of  casks  in  wine  and  beer  measure — Stereotype  Edition ;  Corrected  by  EDMUND 
M.  BLUNT,  Author  of  the  American  Coast  Pilot  &c.— WARD'S  Lunar  T^ddes,  ti^tt* 
cr  with  every  Nautical  publication  of  merit,  including  an  assortment  of  the 
CHARTS. 

Sextants,  Quadrants,  Compasses,  Time  Glasses,  cmd  other  Instruments, 
repaired  at  the  shortest  notice,  and  on  the  most  reasonable  terms. 

April,    1826.' 


J.  BflE.  BljFO&D'a 

CHART  AND  MATHEMATICAL  STORE, 

Ko»  119  East  Bay,  sign  of  tJie  Quadrant,  Cbarlestoh,  S.  C* 
OLD   ESTABLISHED   STAND.    , 

rOH  SALE — Charts,  Nautical  Books,  and  Mathematical  Instruments  of 
oription.    Compasses,  Quadrants,  Spy-Ulasscs,  &c.  repaired  and  for  sale. 
tcrs  rated. 

Published  and  for  sale,  J.  M.  Elford's  LONGITUDE  TABLES,  being  the  i 
most  simple  method  of  working  Lunar  Observations  of  any  in  practice.  £Ubrd^  Of 
cular  POLAR  TABLES,  for  finding  the  Latitude  at  any  time  of  night  by  an  AltitnAi  of 
the  Polar  Star.  Elford^s  Universal  and  Perpetual  Circular  TIDE  TABLES,  for 
the  time  of  High  Water  every  day  in  the  year,  at  all  the  prindpa]  places  in  the 
by  inspccUon  or  at  sight.  Also—The  UNIVERSAL  SIGNAL  BOOK,  with 
mcnts,  by  J.  M.  Elford. 

NAVIGATION  taught  in  all  its  branches,  including  Astronomical  and 
vations. 

N.  B.  An  EVEKIJ^G  SCHOOL  from  6  till  9— and  private  lessons  given  vmi 
Obscnrations'at  intervals.  Apa,  I8l6w 


I 


BAROMETERS  AND  THERMOMETERS, 

irHOLES.iLE  .LVn  RETAIL. 

CBA&UiS    FOOL, 

UATtO-METER  AND  TIIEBMUMEIXR  M\KR. 

No.  380^  Broadway, 

Nal  door  to  B'aakiaglon  Hall. 

NEW.VORK, 


Rca)icct('uU]'  tfqiuiDt*  hii  rrienda  sod  the  public,  ihat  br  hna  lo  otTer  tor  iutpecliun, 
Parlour,  Marine,  and  Mounlain  Barametcn  ;  wilb  «  large  BUOrUuenl  of  llirmoiDc- 
len,  auilalile  far  Brewera,  Diilillcn,  CbjmiiU,  Su|^  Bakeni,  Dyers,  Dtlb.  BoUnical 
and  Marino  purpow*.  Likewix,  Hjdnnaetera.  SacchannDCtcn,  Plate  Electrical  Ma- 
fbinei,  caopaund  Micrascopei,  TcleKopei,  uid  a  general  B>Mi(1oent  oT  Speclactct, 
(uilable  Tor  all  agei. 

?•',  B.  Baromelen  and  Thennomctcn  aecnrBicI;  rrpnircil.  April.  I8S6. 


asoRGE  vsr,  pxatt 

CONTINUES  HIS  MAMKArTlTRijic  ESTABLISHMEM.  Al 

AO.  301  PEAJtUSTBET,  ' 

SEW-yORK. 
Whcrt  be  oSera  for  mIc  a  grcal  Tarietj  of  GtAi  and  SiliGrThiiable*,  Fucy  Uti-. 

N.  B.  All  orden  will  be  tbs)ikr>itly  imiied,  and  punctuallj  iiiended  ta. 
April,  1 626. 

FASHIONABLE  CLOTH  I  NO  STOUE, 

No.  lS3i  SOUTH  FRONT-STBEET,  (DR-tlVBRIDGE.) 
THE  Subtcriber  grateful  for  past  faioun.  infonna  hk  (ricnd*  and  tbe  public  Ibal  b* 

hu  now  on  band,  so  elspnt  and  eilenaiie  auorlmeni  of  ready   oiojle  clothkig.  of 

ciciy  detcriplioo,  luilablo  for  tbe  •casoD,  whtcb  wHI  be  di«|H»cd  of  on   Ibe  loweal 

term*  for  Casb. 

Alio,  a  handsoDte  (election  of  Clolbi,  Cassineres,  and  Votingi,  nliicb  will  br  nwde 

to  order,  in  tbe  noit  faihioDBble  muiocr,  and  on  tlio  nioit  ruaonable  lerms. 

Philadtlpbia.  May.  IriiK S.  BRWF.ES. 

PORTER,  ALE  AND  CIDER.  ' 

anssn  &  Riix, 

UF.TURN  their  tbaaki  lo  ihcir  euiloiuen  (br  the  lilieral  Patronise  Ibfy  hate  irnii- 
e<l.  rcipetlfunj  inform  them  and  the  public,  that  tbej  itil]  continue  Bottliog,  al  Ibcir  old 
esttbliilKd  MatuU, 

iVo.  3  Ptar-strect,  and  244  Sou/A  Setmd-stretl, 

tVliere  thej  have  no  band,  a  qnantity  of  PortCT-iAIe  and  Cider,  in  large  BoHJeittra 
■uueiiar  <|ualitj,  whicb  tbey  wilt  sell  on  reaaonabie  term*. 

a:  B.  On  *™d,  3W  Hpgihftd,  0/  nwrrfiaf  CIDF.K,  *™i  to  «y  <vct-  ^irtjfor  ult 
in  (tfi  CUy.  ithich  wilt  ti  tatd  by  the  Ilagikiad  or  Barrtl,  er  put  Up  fit  Eifartttien  at 
Ihr  iherlrtt  nelirt. 

ttZP*  Merchaiils,  Ctplaini  of  venelt  and  olhen,  can  ha<n  Ihcir  tea  itoret  put  np  in 
ihf  b«et  unler  and  at  the  ahorle)!  oDIicc,  by  appljmg  a*  abo>e. — Uigtml  flm  giv^n 
for  cmply  batllea.  or  they  will  bt  toceiied  io  cichai^  tor  PorWr, 

Pbilailclphia.  .May,  ISM. 

X  X 


SWAXBCa   PANACEA. 

THIS  medicine  ia  offered  u  a  rcmnly  for  Scroruli  or  King's  EtUi,  UkerattdSon 
Throit,  long  aUnding  Khcumalk  ABectinni,  Cutaneoiu  Diseuei,  Wbite  Smlbigni 
Diieuei  of  (he  Bones,  aoJ  ill  cuea  genenllj  oT  an  ulcemui  chancier,  uid  cbnoc 
diMuei  ariiiiis  in  debilitated  conitilntioiu,  but  more  eapeciall;  for  S jptiilii.  or  aSstim 
■rising  thcrelirom,  LIcera  of  the  Larjni,  Nodes,  &c.  and  that  dnadful  disease  orriiisi 
ed  bj  a  long  and  etcestiie  tat  of  ntrctrf,  fcc.  &c. — It  has  been  found  to  be  ■  mort  lae- 
flil  spring  and  autumn  allrrative  for  deUlitalcd  penons ;  it  baa  alsa  bean  ftnnd  McU 
in  Dueasea  of  the  Liier. 

in  all  djsonlcra  ariaJDg  fVnm  an  impura  or  coattlninatDd  sfats  at  Ike  Btfdi,  it  wX 
be  found  a  poncrfut  and  an  eflecttial  reoicdj.  The  discomfor  this  madidna  hai 
been  the  eScct  of  long  and  itlentive  stud;,  iJid  it  is  now  made  piA^  troBlbe  wott 
decided  conviction,  founded  on  ample  elpuiencc,  of  it*  powar  ill  endicating  those  d>- 
eases,  a^^cr  ecrry  i4ker  mrHeini  luu/mlid. 

It  cannot,  however,  be  suppoacd,  that  this  P*tl*cta  will  inTariafalj  care — the  aeK 
ettMmed  medicinea,  employed  bj  Ibe'  FacuHj,  will  o/Im  JUt  in  llie  tecy  diseases  br 
whieb  thej  are  considered  spceifica  ;  but  if  (be  use  of  it  be  persereied  in,  it  wil  l*A- 
calif  remoie  almoat  evetj  cue  of  Ibe  disordcTs  specified.  11ioUBai»U  aic  liifKIBg 
under  those  campJainla,  in  some  form,  sinking  to  the  grave,  without  ■  Rmedj>*hSH 
Ibis  medicine  would  certainlj  restore  to  perfect  health  and  vigour.  lU  aife^  utd  tana- 
cencebave  been  HiIIt  tested,  so  that  it  ma;  be  adaiinistercd  to  the  (endereat  iaAnt.  nt 
most  diatinguuhcd  physicians  in  the  L oiled  Stales  recommend  it,  and  admit,  tlwt  a  noN 
important  discovery  in  medical  science  has  no(  been  made  ;  and  to  use  the  liumi  nf 
oiw  of  (be  most  eminent  Proressors  of  the  age,  it  it  a  IrbimjA  in  tht  hr^big  Bt  T* 
(he  present  and  rising  generations  thebenefit  mutt  prove  incijculable,  not  onljhymviit 
msDj  vahiabte  liven,  but  imparling  slrenph  and  soundness  to  dMHlmltd  and  ism^i^ 
constilnliona,— (A*«4s  P"'"''"?  '*""''  qffipringfnim  KtnJiliy  dutmMtM.  tygm  fcfc. 
tagelber  with  the  numerous  cures  made,  form  irrcsisliite  pnof  ii(  fte  high  TaheoT  Ms 
teuiedy.  No  one,  however,  is  adviied  to  take  it,  without  lint  foOf  convinckcltaidf 
of  (ho  truth  of  what  ia  here  itated.  aud  the  rectitude  of  tha  Proprietor^  iDtcMm. 

1  he  cures  performed  in  (his  city  aloi.-^  calablisbits  aupcriorvbtneaoaa  basis tWMfil 
to  be  aHected  by  the  Bul%nity  of  the  envioua.  II  is  worthy  of  reraarfc,  (hat  (be  poU 
part  of  tbc  patients  who  have  been  permanently  cured,  had,  previous  to  the  PiuaialuH 
undertaldng  Ibem,  received  the  ableat  usiitance,  and  seirenl  were  abandooad  ^  ttor 
rbjskiBiiB.BB  being  beyond  the  reach  of  human  skill.  AKkuUki/act,  mt4  adiMr- 
4iMry  utn  many  «/  Iht  was,  thai  on  uUHMon  iMU  mad*  tf  Ihn  in  Ikt  Pahailnf 
/■nniyinnia,  ^  the  PnjfnsoT  of  Surgery,  bcjorca  ermitd  auSmct  of  Shidmh,  wis  pT- 
namcid  tfum  taaultrM  iii  Its  htiding  *r1.  [t  has  bees  introduced  into  the  PmLaKt- 
PHIA  Alks-Housi  and  PiiMHeTi.vaHia  and  Naw-Voai  Hobpitai,b,  and  audi  ■«•!> 
Mcprising  efferta— ita  nicceaa  after  all  other  medicines  bad  lUied,  that  tbc  Svm*^ 
the  Peanqlvania  HospMal,  llr.  Wm.  Price,  was  induced  to  abandon  hli  UfjSs  I*- 
yelabla  office,  from  the  laudable  deaign  of  benefiting  his  bUow  creaturaa,  bj  mniW 
the  Panacea  to  England  i  where  it  bas  already  superseded  the  use  oT  Ibe  gaBBMN  FkMH 
Rob  of  Lafhcteur  in  a  number  of  instances,  in  diseases  for  which  thait  is  inlmalal.  mI 
It*  virtues  art  publidy  acknowledged  by  some  of  the  most  eminent  Suneom  ihe*e. 

In  all  complicated  cases  of  ScroMa  and  ^jpWIis.aodwberethe  Sjpbilitk  Vtawafib 
parent  caiOe*  a  deieloprment  of  Scrofula  in  the  cbDd.  (bis  is  the  ml;  tvHCdy  ifM 


a  nnglftkope  of  lecoveffj  can  be  reaaonaUy  (bunded ;  tben  has  Wen  no  inatiffie 
of  iti  fiuhiro,  where  properly  need.  It  impaits  ligpwr  to  thewhole  fystem  while  the  cure 
is  goiof  on — tm  openHon  so  Umgtookedfor  in  vain  by  the  fiudical  waHd;  at  the  tamb  tine 
the  patient  is  enabled  to  take  nourishing  food,  which  under  the  common  modes  of  pite- 
tiee,  is  usually  withheld  from  the  sufferer.  In  many  instances  where  the  horrible  rava- 
fes  of  ulceration  had  laid  bare  ligament  and  bone,  and  where,  to  all  appearance,  no  hu« 
man  means  hot  amputation  could  hare  saTed  life,  in  cases  extreme  even  as  here  described, 
baTe  patients  been  snatched  from  the  grare  and  restored  to  good  health,  and  the  derour- 
ing  disease  completely  eradicated.  2%e  discovery  of  a  remedy  Hke  thit  now  offered  for  tdt 
ktu  betn.a  desideratum  from  time  immemorial. 

CERTIFICATES. 

**  I  hare  within  tte  last  two  years  had  an  opportunity  of  seeing  sereral  cases  of  ?eiy 
InYeterate  ulcers,  which,  baring  resisted  preTiously  the  regular  modes  of  treatment,  were 
healed  by  the  use  of  Mr.  Swaim's  Panacea ;  and  I  do  believe,  from  what  I  have  seen, 
that  it  inll  prove  an  important  remedy  in  scrofulous,  venereal,  and  mercurial  diseases. 

N.  CHAPMAN,  M.  D. 
Prqfessar  ^  tke  Institutes  and  Practiee  of  Physicy  and  Clinieal  Practice,  tn  tke  Vnioer^ 
sity  of  Petmsyhania,  President  of  the  Academiy  of  Jiedicine  of  PhUadelphia,  4-c.  4«. 
Philadelphia,  February  16, 1823.** 

'*  I  have  employed  the  Panacea  of  Mr.  Swaim«  in  numerous  instances,  within  the  last 
three  ^ears,  and  I  have  always  found  it  extremely  efficacious,  especially  in  secondaiy 
syphilu  and  in  mercurial  disease.  I  have  no  hesitation  in  pronouncing  it  a  medicine  of 
inestimable  value.  W.  GIBSON,  M.  JD. 

Professor  of  Surgery  in  the  University  of  Pennsylvania,  Surgeon  and  Clinical  Lecturer 
to  the  JUms-House  Jnflrmary,  4«.  ^.  February  17,  1823.** 

**  I  have  repeatedly  used  Swakn^s  Panacea,  both  in  the  Hospital  and  in  private  prae* 
tiee,  and  have  found  it  to  be  a  valuable  medicine  in  chronic,  syphilitic  and  scroftdous 
complaints,  and  in  obstinate  cutaneous  affections. 

VALENTINE  MOTT,  M.  D. 
Professor  of  Surgery  in  the  University  of  A>io-ForAc,  burgeon  of  the  J^eW'York  Hos- 
pitd,  ^.  4<.  New- York,  Ist  Mo.  5th,  1824." 

"  I  have  much  pleasure  in  saying  I  witnessed  the  most  decided  and  happy  effects  in  se- 
veral instances  of  inveterate  diseases  Anom  Mr.  Swaim's  Panacea,  where  other  remediea 
had  failed— one  was  that  of  Mrs.  Brown. -^  WM.  P.  DEWEES,  M.  D. 

Adjunct  Professor  of  Mtdwifery  in  the  UnirersUy  of  Pennsylwmia,  4^.  ^-p. 

Philadelphia*  February  20, 1823." 

"  I  cheerfhlly  add  my  testimony  in  favour  of  Mr.  Swaim''s  Panacea,  as  a  remedy  in 
Scrofula.  I  saw  two  inveterate  cases  perfectly  cured  by  it,  after  the  usual  remedies  had 
been  long  tried  without  effect — those  of  Mrs.  Offner*  and  Mrs.  Campbell.* 

JAMES  MEASE.  M.  D. 
Member  of  the  American  Philosophical  Society,  ^, 
Phflfdelphia,  Febmary  IS,  1823." 

<<  Washington  City,  March  25th,  1824. 
Sir, — ^With  regard  to  your  Panacea,  I  hesitate  not  to  say«  after  a  good  deal  of  expe- 
rienee  of  its  nse  in  such  dis^ucs  as  you  have  announced  it  as  a  remedy  for-  that  I  think 
it  a  valuable  aequisition  to  valetudinarians  from  those  diseases,  and  that  they  may  con« 
fldently  expect  firom  it  beneits,  which  I  believe  cannot  be  derived  from  any  other  medi- 
cinal aid  now  known.    Yours,  &c.  THOMAS  H.  HALL,  M.  D. 

Member  of  Congress  from  the  State  of  Kortk  Carolina,  ^. 
Mr.  Wm.  Swaim,  Philadelphia." 

**  At  the  request  of  W.  Swaim,  I  hereby  certify  that  in  the  few  cases  I  have  seen  his  Pa- 
nacea given,  I  have  observed  great  benefit  derived  from  its  use,  and  particulariy  in  the 
case  of  R.  C.  Tregomaine,*  who  was  for  many  years  afflicted  with  veiy  inveterate  ul* 
eers,  that  were  deemed  incurable  by  some  eminent  surgeons,  who  had  attended  her. — In 
this  hopeless  situation,  she  was  (in  September,  1821,)  admitted  a  patient  in  the  Penn- 
sylvania Hospital,  and  had  the  advice  of  aU  the  surgeons  of  that  benevolent  institution, 
without  receiving  much  relief,  when  she  began  the  use  of  the  Panacea,  which,  to  the 
surprise  of  all  who  witnessed  its  effects-  restored  her  to  good  health,  in  a  short  time.  In 
October,  1823,  she  was  discbai^  from  the  Hospital,  perfectly  cured. 

From  observing  the  wonderful  effecU  of  Swaim's  Panacea  in  R.  C  Tregomaine'a 
ease,  and  firom  several  well  attested  reports  of  many  of  our  most  eminent  surgoons,  I  am 

•  8€e  •«  A  Treatist  On  Swaiai's  P»n«wa,"  for  a  htstory  of  ifce  «•«  rerriteil  lo. 


induced  to  bcliere  it  is  a  very  nscful  remedy  in  chronic,  syphflitk,  »««««?  S*  J'*' 
loos  comptaints.  THOMAS  PARgR,M.lX 

VreHdaU  of  ike  CoUegt  of  PkysicianSf  formerbf  Phytiaan  to  the  Petmsfumm  im^ 
iS^/irc,  LociSt->ti^t,Phil«.llthMo.lit,l»4» 

"  Having  had  freqoent  opportunities,  of  witnessing  the  effects  of  the  artkk  denoohi- 
ted  Si»«im'#  Panacea,  1  must  candidly  say,  that  I  hare  been  macb  pleaMd  with  Oe  l^ 
«nlt8  of  its  success,  particularly  in  the  following  diseases,  viz.  Scrofiiia,  Syphj^asd 
Mercurial  diseases,  Tumours,  and  Ulcers,  where  there  has  not  only  been  great  destractioi 
of  the  soft  parts,  but  also  where  caries  of  the  bones  have  eKtended  to  a  very  eoBadn- 
ble  extent.  JOHN  Y.  CLARK,  H IX 

Philadelphia,  January  I8th,  1825.*' 

'*  Having  witnessed  the  decided  efficacy  of  the  medicine  called  Sirotm'f  i^Met  ia 
several  caises  of  inveterate  disease,  that  had  resisted  the  usual  remedies,  ja^iee  re- 
quires that  I  should  five  my  testimony  in  its  favour.  Among  otber  cases  that  have  com 
under  my  notice,  those  of  Mrs.  Hocker,*  of  Kensington,  and  J.  Lambert's  ^iU,*  tie 
the  most  worthy  of  notice.  In  the  former  case,  there  was  extensive  olceratioa  mi 
caries  of  the  bones  of  the  face,  that  was  rapidly  extending  its  ravages  to  tbe  nose  ai 
palate.  In  the  latter,  a  gangrenous  ulceration,  commencing  on  the  inside  of  the  chedk, 
had  extended  to  the  outside,  and  destroyed  a  portion  of  the  cheek,  and  threalcaei  its 
entire  destruction.  In  both  these  cases>,  the  diseases  were  in  m  progressive  state,  alttoaik 
very  active  treatment  had  been  used,  without  benefit ;  but  were  speedily  ameted  in 
their  progress,  and  in  a  short  time  perfectly  cured  by  the  use  of  Mr.  Swaim*iB  medirinf^ 

ALEX.  KNIGHT,  M.  D. 
^  Port  Pkyticum,  rf  PkOmidfkm,  4« 

PhDadelphia,  December,  1524." 

"  I  have  used  Mr.  Swaim's  Panacea  in  several  cases  of  secondary  syphilis,  which  wtte 
sent  to  the  Navy  Hospital  at  Brooklyn,  and  feel  pleased  to  say  with  complete  soeeey. 

SAMUEL  R.  MARSHALL,  M.  D. 
Swrgeon  of  the  Uttited  States*  JTa^M  Hctpitai,  ^Tetp-Ftrit,  ^. 
^cir-Vork,  August  19,  1^25. »» 


AGENTS. 

Boston— J.  P.  Hall,  Druggist,  P(o.  1  Union-Street  New-Yoik — T>^  D.  Smith,  Boek- 
teller,  Greenwich-street,  near  Vesey-ttreet,  and  Hull  &  Boinie,  Dni|gsista,  Pearl-stiee^ 
near  Wall-street.  Albany — Mancius  &  Vandenburgh,  Druggists.  Portland,  (Bfaiae)— 
James  Dorance.  Newark,  (N.  J.) — Beivjamin  Olds,  Bookseller.  New  Bmwitk, 
(N.  J.)— Terhune  &  Letson,  Booksellers.  Trenton,  (N.  J.) — ^Thomas  L.  WoodraC 
l^aneaster,  (Pa.)— Henry  Keffer.  Pittsburgh,  (Pa.)— Charles  Aveiy  &  Co.  DmgHti. 
Harrfsburgh,  (Pa.)— N.  Callendcr,  Druggist  CincinnaU,  (Ohio)— M.  WoUeTCa 
Wilmington,  (Del.) — Joseph  Bringhurst,  and  M.  Johnson.  Baltimore— Heaiy  Price, 
Druggist,  Market-street  Washington  City — ^William  Gunton,  Druggist  Alexaadx*- 
Edward  Stabler  &  Son,  Druggists.  Richmond,  (Va.)— James  M<Kildoe,  Dmggiit  P^ 
tersburgb,  (Va.)— Bragg  &  Jones,  Dnimsts.  Fredericksborgh,  (Va.)--Dr.  Jmki 
Cooke.  Lynchburgh,  (Va.)— Walter  H.  Middleton,  Druggist  Norfolk— CMatoshcr 
Hall,  Bookseller.  Newbem,  (N.  C.)— Salmon  Hall,  Bookseller.  Ralekh,  (N.C.>- 
Webb  &  Waiiams.  Washington,  (N.  C.)— John  Gallagher,  Poetaster.  TM«a^ 
(N.C.)— Dr.  Ward.  .  Charleston,  (S.  C.)— S.  Huard,  Druggist,  Broad-street  Sa- 
Tannah,  (Geo.)— Anaon  Parsons,  Druggist.  Augusta,  (Geo^— WiBiam  H.  TMi 
Druggist  Natchez— Franklin  Beaumont,  Druggist  New  Orleans — ^MTiDim  Mleaa. 
Lexington,  (Ky.)— H.  &  I.  Ritchie,  Druggists,  Sole  Agents  for  the  State.— They  «i 
promptly  attend  to  all  orders  for  the  Panacea. 

CA  UTION  TO  PURCHASERS. 

Tlie  great  demand  and  wonderful  success  of  this  medicine,  hiiTe  induced  a  anm- 
her  of  persons  to  imitate  it  in  various  ways — Some  are  selling  Sarsaparflla  and  elkr 
syrups,  imposing  them  on  the  ignorant  for  the  Panacea;  others  are  mixing  Oa  flMriv 
medicine  with  molasses, &c.,  making  three  bottles  out  of  one;  thua  letiSiiw  anttK 
its  virtues.  Those  imitations  and  adulterations  have,  in  many  instancesTproSneled  tb 
suflerings  of  patients  in  cases  where  the  gmume  medieine  would  have  profwl  fartaalif 
efficacious.  I  therefore  deem  it  a  duty  I  owe  the  public,  to  acquauit  them,  that  it  li  is- 
posihle,  flnom  the  very  nature  of  its  constituents,  to  be  discovered  bj  ehjviealaaaNili; 
and  consequently,  that  all  other  mixtures  represented  to  be  mine  and  aoM  Mia^are 

-    .    ,.    *  See  "  A  Triratbo  on  Swalm'f  Pftucm,"  for  a  liistory  of  the  ccns  rei^nvd  tak 


^ruidalent  in<]  Iiuf  impositions, 
genuioe  medidnc  haa  my  lignua 
my  nunc  on  the  Mil, 

Prire  ThfE*  Dollin  per  boUln.  or  Thirlj  Dollar>  prr  tloicn. 
CoaunuJuicitiaiui.  potl  pud  .Unl  orders  tron  uij  part  of  ibc  world,  Rill  nci 
■le  lUrDtion. 

tCJ^  Ptinled  Diiecliooi  accompuij  (be  Medicine. 

IVM.  SWArM, 
JA,  231  CJxinnl  ifruf,  luor  Iht  ^ 
PUIiddplua,  Miy,  13S6. 


SWAIMS    PANACEA. 

Hating  made  Ibe  proper  inquiry,  wc  can  touch  for  Ifae  sKurac;'  ot  the  lUtcinent 

caDt«incd  in  the  nibiolned  eommunieatiDn.     No  one  should  fae«it3te  to  bear  juit  eri- 

deflee  I»  the  meriti  of  n  medicine  like  Ibut  of  Mr.   Swmim,  which   would  teem  to  lie 

•crjdifftrenirram  the  no*trum>or  the  daj.— Erf.  A"ol.  C«i. 

To  the  ErfilDT  tf  llu  .ValionaJ  Gattttt. 

Dr.  Gibion,  profestor  of  surgery  in  the  Unltenilj  or  Peniujlruiia,  in  hii  Icctim 
tin  MoDda^  last,  spoke  ia  high  tcrtns  of  Mr.  Straim's  Panieea.  He  renmrlied  thai  he 
had  found  it  decidedly  beDcficiai  in  chronic  cues  of  3jphilis.&r.,  and  that  be  had  known 
patients  who  hod  laboured  under  ihii  diiease  Ibr  a  length  of  lime,  and  tried  almost  ererr 
remed]'  eommonlj  employed  for  its  cure  with  rery  little  if  anj  eSerl,  l>ut  who.  after 
Dsing  the  Panneea,  recovered  quickly  and  entirely.  He  related  seferal  instartec*  of 
rapid  and  cilraordinory  restoration  to  robust  health,  from  a  state  of  the  most  miarrable 
weakness  aud  infection,  wherein  repented  saliiatiotii  iiad  produced  only  the  misdiief 
incident  to  the  use  of  mercuty.  He  spoke  likewise  of  Mr.  Swoim  personally,  acboov- 
Icdging  tbe  generosity  whbh  he  had  ahown  in  tbe  distribution  of  hi*  inediciH  to  tbn 
poor,  and  tn  tbe  suppoK.  even  of  whole  l^miliea,  until  a  cure  was  cflected. 

The  professor  mentioned  that  he  bad  been  censured  by  surgeons  and  4ihysiciani  for  re- 
commending the  Panacea  of  Swaim  ;  but  that  he  thought  it  a  duty  which  he  owed  to 
siilfering  humanity,  not  to  wilbhold  the  expression  of  his  opiniou  and  cipenence  of  its 

N,  B.  It  is  to  be  regretted  that  there  are  a  number  of  spurious  miituro  in  imila- 
lion  of  thi*  most  raltiable  remedy,  whieb  bate  done  much  mischief^  we  ere  glad  to  Gad 
<hB[  no  reipcctable  druggixl  i>  concetced  in  the  fraud. 

Philadelphia,  January,  I S35,  MEOtCD*. 

REDUCTION  OF  ONE  HALF.  ~~~ 

Philadelphia   Silver  Spoon   and  Fork  Manvfactory, 
N,  W.  corner  of  Fifth  and  Clierry-streets. 

The  Subieriben,  Wholesale  Manufacturers  of  Silver  Spoons,  Parks,  LBdlei,.&c.  bate 
now  commenced  Selailiaf;  all  article!  in  their  line,  at  a  reduction  of  SO  per  cent  below 
the  retail  price  of  manufacturing.  Tible  Spoons,  for  which  the  public  have  been  paying 
Oom  1>  to  fie  [>cr  doien  for  manura''.urln°:.  Ihcy  now  male  for  $(,.  Tea  Spoons,  the 
More  price  of  which  i>  $i  per  doien  for  mailing,  they  retail  at  $2  50,  ahoie  tbe  coat  of 
silter,  and  other  work  in  proportion. 

Thta  will  reduce  heavy  Spoons  to  about  $1  40,  or  f  >  45  per  ounce.  None  can,  nor 
shall  undersoil  them.  They  ate  the  only  Manufacturers  in  this  city,  who  taave  been 
brought  up  to  this  buiineai  eiclugiTcly.  Tbey  hare  Manufactured  for  Iba  principal  stores 
in  this  place  and  elsewhere  for  many  yclrs,  and  assure  the  public  that  Ihclr  worii,  both 
polished  and  burnished,  shall  be  Anished  in  a  very  snperior  manner,  and  always,  for 
rash,  at  the  wholesale  prices,  let  then  be  what  they  rnay.  The  public  are  invited  to  call, 
and  see  the  fuperior  tinhh  of  the  wor^  and  judge  for  themselves.  Their  burnished 
work,  marked  '^Staadard."  shall  be  Manulhctiired  of  Spanish  Dotlsra.  when  tbey  can 
be  procured,  but  nccsr  under  the  standard  of  our  country;  polished  nark,  raaibed 
'■  Crowns,"  shall  be  Manufutured  of  French  Crowns-  This  is  the  finest  silver  mnnu- 
factured  in  the  Cnltad  States,  and  to  give  the  public  •  guaisnlee.  tbey  engage  to  pay 
9100  to  any  person  who  will  assty  their  nod.  'O  marked,  and  prove  it  below  ils  stamp, 
also  to  forfeit  double  the  amount  of  work  purrbssed.  As  thnre  is  no  assay  office  in  tlus 
place,  tliey  deem  such  a  guamnlec  nbsolutelj  neceasiry,  and  in  justice  to  the  pubUc. 
every  one  who  sells  SUier  ought  to  cnme  under  some  web  regulation,  as  it  is  well  known 
.1... :.  ..J,  1^  manufactured  from  10  to!0  per  rent  worst  than  Standard,  and  none  can 

n.  ft  n--WII.»O.V 


ABRAltAM  CARGILL'S 


AND 

KITCHEN  FURNITURE  WAREHOUSE, 

232  WATER-STREET, 

Third  House  East  of  BeeJcfnan^-Unti, 
^EW.YORK, 

Has  constantly  for  sale  a  large  assortment  t>f  Tin  Wore.  Also — Braas  ketdai,  bell 
metal  kettles,  copper  tea  kettles,  iron  pots  and  kettles,  pewter  ware,  iron  and  lead  «^||bh 
tin  and  pewter  liquor  measures,  scales  and  beamsi  block  tin  tapSf  wooden  neasHts, 
composition  tea  kettles  and  saacc-pans,  patent  scale  beams,  &c.  Togetker  with  a  i»- 
riety  of  house«keeping  articles,  all  of  good  cpiality,  and  at  ftur  pnoes. 

May,  1886. 


CLOTH  HAT  AND  FUR  CAP  MANUFACTORY, 

No.  102  WILLI AM'STREET,  NEW-YORK. 


Manufactures  gentlemen's  Cloth,  Morocco,  and  Fur  Trafelliiig  Caps ;  children*^  Clotb 
and  Morocco  Caps  and  Hats,  of  different  shapes  and  colours ;  ladies'  Seal,  Gennet,  sad 
ChinchilH  Caps,  wholesale  and  retail  : — Also,  an  assortment  of  Fancy  Aiiidea  ;  and 
many  other  articles,  too  numerous  to  mention — all  of  whick  iriE  be  sold  low. 

N.  B.  A  constat  supply  of  chfldren's  Morocco  Hats,  aidtaMb  tor  tbe  Soothcra 
Market.  April,  1891 

~  GEORGE  WILIJG, 

AT  HIS 

MUSICAL  MAGAZIJ>rE, 

No.  171  CHESNUT-STREET, 

OFFERS  FOR  S^ILE, 

Grand  and  Square  German  Pianos,  superior  quality,  with  Turkish  mqaic. 

Grand  and  Square  English  Pianos,  superior  qoality. 

niegant  English  and  French  Harps. 

Flutes,  Fiibs,  Clarionets,  Gruitars.  Bassoons,  French  Horns,  Tnm^ieta  ud  riMjinii  li 

Extra  fine  Violins,  and  low  priced  Violins,  by  the  doxen. 

Violin  Bows  ;  Italian,  French  and  German  Violin  Strings,  Violin  Basaesi  ba«d 
Guitar  Strings,  &c.  &c. 

Id^  G.  W.  receives  regularly  from  England,  France,  and  Germany,  tlie  newcitlfi- 
sic,  and  is  daily  making  additions  to  his  own  publications. 

Country  Merchants  supplied  with  all  kinds  of  Instruments  tnd  Muaie  oa 
terms. 

Military  Bands  supplied  with  warranted  instruments. 
Philadelphia,  May,  1826.  ' 


ANTHOWY  DAVENPORT, 

Mathematical  and  Nautical  Instrument  Maker ^ 

At  the  sign  of  the  Quadrant  and  Compass,  No.  10  Jones'-Row,  E 
Informs  his  iViends  and  the  public  that  he  continues  to  carry  on  the  abore  -^..^^ 
sire  from  any  other,  and  will  pay  his  whole  attention  to  the  same,  where  skip 
masters  of  ressels,  and  others,  can  be  assured  that  their  woik  will  be  done  wftS 
ness  and  despatch.  Also  keeps  constantly  on  hand,  Brass,  Wood,  and  Cabin 
Half  hour  and  log  Glasses,  ^^nairmO^y  Spy  GUutet,  ScaUty  and  DMderg,  ' 
ParttUel  RvUs-^Guaging  Rod»,  with  a  Tariety  of.  Surveyor's  Instmmeata. 

N.  B.  Grateful  for  past  favours,  and  solicits  a  continuance  of  the  same 

Portland,   Mav,  182«i 


FANCY  AND  WINDSOR  CHAIRS. 
TossrH  srrsoEur, 

.Vfl.  97  South  Thi'd'ttTtrl.  nrarbj  oppotilt  tht  Mtaaim  Hoatr. 

PHILADELPHIA. 

hlANUFACTlTRES  Fuifj  u>d  Wuiil»r  Cbiin,  Loungu  and  Settee*,  mnd  lu>  ilnii. 

iroiutanLIf  sa  huid,  ui  exteniiie  aMortinFnl  of  Cuic.  Riuh,  and  Camtnou  Cbain  u 

fauelxiMemi,  •uitahle  Tor  upsrtilion. 

SPLIT  R.4TTAN, 
Tar  Chut,  COkch,  tnd  Cibinet  Mtken,  *■  Uto  Copal  Vamith  of  the  firrt  quilitj,  for 
Mlc.  May,lS96. 

^COPPER-WARE  MANUFACTORY  AND  STOr£ 


Ao.  78  SoM(A  Fronl-ilrtel,  (WeH  lide.) 
pmLADELPHU, 


I 


HAS  CBBsUntlj  DD  hand,  of  bb  oun  Manuruturing,  Slilli,  with  Pstrnl  jPcnlrr 
Wonni,  cilcvliteil  for  the  IVcat  India  &larkoI.  Rcltlei  for  Muiufulunn.  VaniiBh 
■ad  Glue  Krttles.  Sauce  Puu  uid  Coal  Sculllcs.  Shi|]  rbanillcn  furtibhcd  with  ttaj 
■Tticle  in  their  lioi.  Slilli  for  Fniit,  Gnin,  and  'fuipcDtiiw  DiitHIation.  llBKen' 
PItDk  and  Colninng  Kettlu.  Copper  and  Bnsa  H  a^i  nod  Prescrridg  KcKlts.  Shipf' 
Water  Caika,  and  Tank  Pumpi.  Grocers'  Pnmpiand  Meamim.  Sugar  IteGncn'  Boil-  ■ 
m.  L«dlu,8Le.  Tallow  Chandlers' Boileri.  LaiUei.  &e.  Gun  Lad  ir<.  Ponder  Meatimi 
and  Magaiinei. 

AJ.SO, — For  Sale  -  An  awortment  of  Rhealhiiij  Copper,  Nails  for  Coppering.  Wood 
S) .  i<  ■'■■■  Kr,al  Building,  and  rQnii>  8o>r(.  BcIlaforCliurclifi,  Sb>pj>,  Plintaliona.tir. 
Bl-'^'   li-  ti  .1  LesilinPtpaDdBan.    !^pclter  and  Borai.     Blaek  Lead  Cnidbln. 

(Mm  iLinkfullj  renited  lad  punetaallT  attended  to. — All  the  alwie  Repaired. 

N- B.  Old  Copper,  Btua  (od  Lead,  bon^l  or  taken  iapajimeot. 

May,  IS«6. 


BDWAR9    GOOX. 

JV«.  6,  BOWERY, XEU-rORK, 

HAS  conttintlj  oo  hand,  a  full  and  ronplele  aHortmeol  of  Cliina,  da»  and  Eanh- 


e,  ofhia  o<rn  ic 

N.  B.  Caantr;  otdcn  nut  vp,  and  Shipi  Btted  c 

Caih. 


)l  reasonibte  lemt.  whole- 


SHIPS'  ilEDICINE  CHESTS. 

Fiftj  Medicine  Cbeati  for  tushIb  of  100  to  bOQ  looi,  |>ul  «>  in  Ikt  belt  and  aiO>l 
eeaoomien]  manner,  by  M.  S.  LITTLE,  No.  V)  Bdhct),  {nearrbalham-n.)  corner fit*- 
ard-*treel,  irho  baa  can*Unlly  on  hand  Drugs  and  Mcdtrinr^s  Dr*  Woad>  and  Dir 
StuA,  PaiMs.  GliH.  Oil,  be. 

Saratoga  and  Balliton  Water  put  u)!  ju  boica  of  I  !□  -I  d>vt«  «arfa . 

April,  isse. 


FASHIONABLE   FURNITURE. 


Azmsoxnr  o.  QUB&vaaUiBp 

Xo,  126  South  Second'Street,  {a  few  doors  bdow  the  Custom  Uohm,) 

RESPECTFULLY  infonns  the  public  that  he  has  so  CDlaiged  his  Mamilhetoiy  m  to 
enable  him  to  keep  constantly  on  hand  an  extenrire  supply  of  CABINETWARE, 
such  as         ^ 

Blegant  Fashionable  SIDEBOARDS,  various  patterns.  BUREAUS,  Tarioos  fa««— « 
SOFAS,  very  elegant.  DRESSING  TABLES,  of  all  descriptions.  WASH  STANDS, 
closed  and  open.  TABLES,  Breakfast,  Dining  and  Card.  BEDSTEADS,'  Blihflgi- 
ny,  Maple  and  Cherry,  of  all  sizes. 

Shipping  Merchants  and  others,  will  find  it  greatly  to  their  interest  to  give  tun  a  csO 
before  purchasing  elsewhere,  as  he  is  determined'  to  sell  at  the  most  reasonable  prices; 
and  his  furniture  being  manufactured  immediately  under  his  owa  direction,  wiU  be  war* 
ranted  equal  both  in  material  and  worionanship  to  any  made  in  this  countiT. 

Philadelphia,  May,  1826. 

JTOZDV  USABBBAVHHy 

PATENT   LAMP   MANUFACTORY, 

No,  93  WalnuUstrtet,— PHILADELPHIA. 

May,  1826. 

FASHIONABLE  CLOTHING  WAREHOUSE, 

S,  W.  comer  of  Second  and  CkesnaUstreetSf 
PHILADELPHIA. 

SILVEIRA  &  BROWNE  respectfully  inform  their  (nends  and  the  public  genenUy. 
that  they  hare  on  hand  a  large  and  extensire  assortment  of  ready  made  Gamcats  oi 
every  description,  among  which  are  the  following  :— 

Black  apd  blue  dress  coats.  Olive  and  brown  do.  do.  Olire,  brown  and  blue  bock 
coats.  Drab,  newmarket  and  box  do.  Olive  and .  mixed  double  breasted  sutools. 
Black  and  white  drcs^  vests.  Fancy  toilinett  and  Valencia  do.  Black  and  white  ctti- 
mere  dress  pantaloons.  Milled,  drab  and  mixed  dress  pantaloons.  Bhie,  white  sad 
pink  under  vests.  Super  blue  camblet  and  tartan  plaid  cloaks.  Patent  snspeadcn. 
Fine  flannel  long  and  short  drawers.  Superfine  linen  shirts,  ruffled  and  piain.  Bow 
white,  corded  and  plain  muslin  cravats.  Do.  fancy,  do.  Simerfine  black  silk  handker- 
chiefs large  sizes.  English  white  and  black  silk  half  hose.  White  and  coloured  Wood- 
stock  gloves.  Black  and  white  hoskin  do.  Black  English  silk  stocks.  English  oak 
German  silk  pocket  handkerchiefs. 

*^*  All  the  above  articles  will  be  disposed  of  for  cash  on  the  most  modciate  tnma 
by  the  single  garment  or  quantity,  to  suit  purchasers. 

tit  Embroidery  and  ornamental  needlework  of  all  descriptions  handsomely  executed. 

N.  B.  Any  number  of  Garments  made  at  10  hours'  notice. 

May,  1826.^- 

HOFFMAN  &  ROACH, 

WHOLESALE   AND    RETAIL    GROCERS, 

No.  114  Canal-street,  comer  of  Lawrence, 

Keep  constantly  on  hand  a  complete  assortment  of  GROCEIUES  of  the  best  (jaali* 
f y,  for  Family  and  Ship  use. 
iCjP*  Sent  to  any  part  of  the  city,  free  of  expense. 
New-York^  ISiJb. 


CLARKSON   CROLIUS   &   SON 

HATE   ON   HAND,    AT   TH^R 


No.  8  Cross,  ^  67  Bayard-streets y 


A  GENERAL  ASSORTMENT  OF 

OF  THE  BEST  QUALTFY, 

WHICH  they  offer  for  tale  by  the  crate  or  doxen,  at  fair  prices,  and  on  rea- 
tonable  terms. 

%•  Articles  of  every  drscription  made  to  order. 

(tJ*  Orders  put  up  at  the  shortest  notice,  and  in  the  best  manner. 
July.  1826. 


TOIVt 

No.  7  WALL-STREET,  KEW^YORK, 

ooBKittzsszoir  ixmns  BoaacaLAjra. 

PROPRIETORS  of  Hotels,  and  M  AS TKRS  of  Vessels  may  at  all  timet  have  tbftir 
orders  supplied  with  WINES  and  SPIRIIS)  of  the  first  qttaliiy,  and  being  near  the 
Custom  Housb,  it  vrill  be  Tcry  convenient  to  call  and  examine  foi  thcmselres. 

July,  1826^ 


GRATE  &  FENDER  MAKER, 

SMOKE'JACK    Sf    LOCKSMITH, 

VO.  aO  ITAJISAV-STBJBZIT, 

GRATES  and  FENDERS  Wholesale  and  Retail.     (The  store  lately  occupied  by 
G.  Thorburn  &  Son,  Si^dsmen  and  Florists.) 

July,  1626. 

FOR  SALE 

zz»r  A  'htdSp 

AT  HIS   srORt:   IN   BATH,   (Maixk,) 

A  constant  supply  of  Naotical  Books,  Cuakts,  and  iKSTRnmNTt,  tof^ether 
with  an  extensive  assortment  of  buiP  CuA.iDLEar,  Hardwarb  Goods,  PAlzrrt,  and 
Naval  Stores. 

June.  1826. 


Cabinet  J  Chair  ^  and  Sofa   JlJanufacturerj, 

NO.  94  SOUTH  THIRD  STREET, 


^Neariy  opposite  St.  Paul's  Churrh.) 
PHILADELPHIA 


June,  1826. 


AAKON  H-  PALMER'S 

'.    STOCK  EXCHANGE,  AGENCY  AND  LOAN  OFFICE, 

33  WaLL-sraEET,  New-Yoilk,  (op  staiks.) 
IN  Ihii  Mtabliihmem,  Public  Srcarilici  ol  the  Oovernnent  of  the  Uniud  Sain, 
Bloclu,  &LC.  BTE  baught  and  itilil  nclosively  on  eaainiciion  ;  BiHioi  Exchu^n 
London,  Parii,  Aoiilerilini,  ■ad  Hamburgh,  ncfoliiittd — Bills,  NoKi  anl  Pnftt 
collectrd,  nnd  Dfbls,  Clainii,  Inhrritancf!,  tic.  recovered  in  ihe  principil  ririnuj 
tOH'os  in  Ihe  tiniled  Stale-  and  Canada  ;  Money  taken  on  deposit*,  at  iaUnu,  K- 
cured  by  ■  Irnnifrr  of  Public  Securiiiea  or  Slock  ;  Loam  and  AdianCM  laadr  oa 
collnlleral  nsaignment  ofaiocki,  and  on  B'lnd  and  Mortgage  of  uaincumhRti  Rrd 
Edaie.  'Plie  Mghnt  premium  giTcn  fi>r  Doubtoon*,  Sovreigna,  all  other  (•••iga 
O'.'.'    n.  Miin.  ar.d  Bii.ik  of  England  Holft. Jult,  ISA. 

OFICI.MA  DE  CAJMBIO, 

Prtstamo,  Xegociadon  dtfondos  PiiUicot  y  Agtneia  Gaurii, 
en  Nueva-  York,  No.  33  Wall-street,  Cuarto  Prinetpat. 

Mlabl«c1iniento  te  rompran  j  vendcn  (eicluiivameute  en  Comiiion.)  In 


EN 
■ccioaeade  fundo*  pdblicos  del  gobiern 
gociaa  Lelrat  de  Cambia  sobrr  L6ndrea,  Paris,  Ani<tenl 
piocnra  J  agi-neia  el  eabro  dc  libranrai,  deuilas,  reclami 
fca.  Se  recibi' dinaroan  depAillo  cnn  raunade  t(<diin;  y 
aeguririadek  correipondienlei.  ^e  pug*  iin  buen  premio  ] 
Ontai,  p  loda  cipecU  it  am  en  prala  6  acaaadn  ;  y  plala  i 
■e  cambian  Billclu  del  Banm  de  Inslaterra  par. 

July,  isas. 


■mbien  ae  pmta  bajs  Ii< 
ir  loi  Dtilona,  Sehrrmis. 
I  bnrrai  t  paotfuirfa ;  y 
%ARON  H.  PALMF.il 


BLIND  FAOTOKr. 

Wholesale  and  Retail,  by  Janus  Bolen,  350  I 
Broadway,  comer  of  Leonard-street. 

EVCRf  deacriprion  for  lale  en  hand  or  unufae-  I 
lureil  at  order,  including  thoie  for  Wiadoira,  Doom. 
" ■       '--  ■  ■■  ■  <.    Com 


d  with.    Mercl 
n  and  lacillly  i. 


diilancF   inimedin.... 
nnd  Ship-M»lera    will 


%x 


HAT  MANUFACTORY. 

iOO  Delancey-street,  Keic-York, 

■  WEr.T.S  t  REDFIELD,  Hai  Manifaclurera,  No.  100  IVIancy-Mrert  N«..T«rt; 
lia>ecij«lanlly  for  .a.e,manuraclurrd  under  (hpirpenonal  direction,  an)  froa  Ae 
heat  mcieriali.  «  Tery  geiit^ral  asaorlineni  of  BeiiTet  and  imitali^a  Bearer  H4TS. 
wliere  Khnleiaie  ordera  will  be  immediflieiv  supplied. 

Southern  Merchants  whoje  object  ■«  to  hurchaie  where  n  general  aaiannxW  ni 
i,  will  find  II  for  their  inlercit  to  aj.i.ly  ..  above. 


July,  ISgfi 


JoHiN  I.  HlCKEft, 


l\tPORTER    AND   MANUFACTURER 

OV    PIANO    FORTES,  &c. 
And  Muitie  Seller,   JVo.  1 87  Broadway,  AVtc-  York. 

V.f}^J^"'"'u^\  ""  ''.'l'''  ""  "'^<'*'"-  """rlia-ni  of  Flute*,  Clarion^i,  Draw, 
t^.  Horn^ugle,.  «iih  every  ari.cle  belonging  to  hia  line  of  bu.mCTa.-^Sae,  IBM. 


CH&RZES  rxUBDSRXCKS, 

.nufacturer  of  Ciirlpd  .ilapl.-,  Roae  Wood.  Mahugany  Chain,  mi 
net  Ware,  whaloale  and  retail,  No,  79  Broad-tlrcri. 

Aew-rork,  July,  ISM. 


E.   RILEY, 

PACTEVlt  I>*rNST&iniI£1tfS  J>T  XlfVSZQVS, 

yo.  ■2':>  fiUE  DE  CHATHAM,  miw-york. 


E.    R  I  L  K  Y. 

FABRXCANTE  DC  IlffSTZlVKEZirTOS 
MVSZCOS, 

E.V  LA    CALLE  DE  ClfATIlAM,   AO.    29  JiUE^A-YORKE. 


■s  t,  iwg«.i 


iFvanbUn  JLotUvjn  anO  ISn'tlmHat  OfRit, 

No.  £0  SOUTH  THIRD-STREET.  PHILADELPHIA- 

VANSniST  A.  MONSKL, 

'  GRATEFUL  for  fsTour.  whicii  lliey  hatehEroIofiire  receiied.  inform  Uicif  palront  ind 
tiie  public  that  Ihey  are  itill  reailv  nnd  willing  la  dispDio  of  all  tbc  good  rhinces  whirb 
(bcj  ma;  a(  an;  linie  buTc  on  band,  in  the  Lotteriea  about  to  be  drawn,  and  Ibal  it  ia 
their  detennination  to  Klect  inch  tickets  aaiJ  ifauiiu  an  irill  ufiard  the  most  reaionsMs 
eipeettitiOQ  of  food  lurk. 

\'.  &  M.  will  also  truisaci  all  kiuda  of  Eichiuige  buaineu,  al  the  sboic  eilabliahmcot 
upon  the  mo^l  favourable  anil  reaionible  term*. 

N.  B.  Moat  UDFurrcnl  nuUi  will  be  rGctiTed  al  par  for  Tickcta. 

Phitulclpbii,  Maj.lSik. 


COMB  A\D  FANCY  8TOUE, 


HffiBSBliii 


tt.  BVSHSfXilX. 

No,  593  Broadioay,  nearli/  oppmitt   Watkington   Hall, 
NKW-YORK. 

Hiu  cmatantli  for  sale,  nhotenle  and  rctnil,  ■  mj  complete  anortmrnl  of  COMBS 
und  FANCV  4R  TICLES,  auitsble  tor  loikls.  iihtre  vtrsoia  of  Uute  and  faibion  ma* 
d»aj.  fun.i..b  th™«l«e,.  ' 

N.  B.  Cash  giten  for  TORTOISE  SHELL 

Mbt.    lH2fi. 

WAZ.TON   HOUSE. 

KEPT   BV 

SIMON    BACKUS. 

NO.  388  PEAKL-STREET.  iHiA.NKLIN  SQUARE.) 

NKW-YOKK.  May.  i:^gfi. 


JpouafTSiBii  &  ©tuainrnr.ti  ^aintina, 

GILDI.XC;    AM>    GLAZI\0,  BY 

HOB  A.  SLaXSIVSOILP, 

Comer  of  Norlh-Muort  and  Cliaud-ftrctU, 

KEW-yOKK. 

S.  B.  Pqinii.  Oil  (HkM,  &c.  oftbc  be<t  ^aliij.  limr,  ^ 


LIST  OF 
MULTSf  eSLUlTB,  dL  OBOOBJILPBXeA&  XVtfUDfc 

RECENTLY  PUBLISHED,  AND  FOR  SALE  BY 

H.  S.  TAmffBlU 

GEOGRAPHER  AND  MAP  PUBLISHER, 

Ko.  177  Chesnut'Street,  PHILADELPHIA, 

Where  most  other  Fubltcations,  connected  with  American  Geography,  &c.  my  bo  iud 

Ts'o.  1.  A  new  American  Atlas,  containing  Maps  of  the  severa]  States  of  the 
North  American  Union,  projected  and  drawn  on  a  uniform  scale  of 
fifteen  miles  to  the  inch,  from  documents  found  in  the  public  offices  of 
the  United  States,  and  state  governments :  to  which  are  added.  Maps 
of  the  World  and  Quarters ;  one  of  North  America  on  four  aheeCs,  and 
one  of  South  America  on  two  sheets,  together  with  Geographical  Me- 
moir, giving  a  detai^d  account  of  the  materials  used  in  the  construc- 
tion of  the  various  Mups.  The  whole  exhibiting  a  full  and  complete 
geographical  view  of  the  two  continent^  of  North  and  South  Ameri- 
ca, in  connexion  with  the  other  parts  of  the  known  world.  This  wo^ 
has  already  passed  through  two  editions,  within  the  period  of  two 
years,  and  has  received  the  approbation  and  patronage  of  many  q€  the 
most  distinguifhcd,  scientific,  and  literary  characters  both  in  this 
country  and  in  Earope;  special  resolutions  of  Congress  and  other 
public  bodies  in  its  favour  have  been  passed,  and  as  the  author  is  coo- 
stantly  engaged  in  the  improvements  of  the  plates,  by  inserting  all  new 
information,  he  trusts  that  it  will  continue  to  be  wLat  it  has  been  amcc 
its  publication,  the  standard  as  an  Amei  ican  Atlas.  Price  of  the  work 
in  half  biudinsr,  giJS  M 

No.  2.     The  some,  with  the  Maps  mounted  on  rollers  and  Tarmshed,  40  Oi* 

No.  3.  Ihc  same  omitting  the  Maps  of  the  World  and  Quarters,  and  reserving 
all  those  relating  to  North  and  South  America,  the  States,  &c.  Price  in 
half  binding,  2S  01^ 

No.  4.  The  same  as  the  preceding,  omitting  the  Map  of  South  America,  and  the 
Geographical  Memoir,  and  reserving  all  the  Maps  relating  to  the  con- 
tinent of  North  America,  including  the  State  Maps.  Price,  ii  vO 
No.  5.  Atlas  of  the  United  Slates,  comprehended  in  eleven  lai^e  sheet  maps, 
drawn  on  a  uniform  scale  of  fifteen  geograghical  miles  to  the  inch. 
Price  half  bound,  17  SO 
^o,  6.    The  same  pasted  on  pasteboards,  bqimd  and  varnished,  suitable  for  the 

use  of  schools.     Price,  SO  9^ 

No.  7.  A  new  General  Atlas,  consisting  of  imperial  sheet  Maps  of  the  WofM 
on  the  Globular  projection,  '2  sheets ;  Worid  on  Mercator  projection, 
Europe,  Asia,  Africa,  America,  North  America,  South  America,  two 
sheets ;  United  States  and  British  possessions.  Price  half  bound,  8  00 
No.  S.  A  new  College  Atlas,  consisting  of  a  series  of  General  Maps  of  the  va- 
rious grand  divbious  of  the  known  world,  adapted  to  the  course  of 
geographical  instruction,  pursued  in  the  colleges  and  high  schools  of 
the  United  States,  imperial  folio.    Price,  half  bound,  500 

No.  9.    The  same  as  the  preceding,  vrith  the  Maps  pastfed  oa  thick  paste  bond 

and  varnished,  for  the  use  of  schools.    Price,  7  50 

No.  10.  Atlas  of  Ancient  Geography,  designed  to  illustrate  the  works  of  the  aa- 
cient  writers,  both  sacred  and  profanoi  sixteen  select  Maps  in  impend 
quarto.     Price  half  bound,  2  50 

No.  U.  A  new  Map  of  North  America  on  four  sheets,  embracing  all  therecol 
discoveries  of  Ross,  Parry,  Franklin,  Long,  &g.  &c  Price,  mounted  oa 
rollers,  or  in  a  portable  form,  6  00 

No.  12.  Arrowsmith's  4  sheet  Map  of  Europe,  improved  to  1826.  Price,  8  00 

No.  U.        Do.  do.  Asia,  do.        do.  do.  S  00 

No.  14.        Do.  do.  Africa,         do.        do.  do.  BOO 

No.  10.  A  new  Map  of  South  America,  in  2  sheets,  do.  do.  4  00 

The  Maps  numbered  11.  12.  1.3, 14, and  15,  are  usuaOr  sold  together;  they 
form  a  set  on  which  is  delineated  the  entire  sarnce  of  the  earth,  and 
present  as  complete  a  body  of  geographical  isformation  on  the  known 
worid,  as  the  existing  state  of  knowlet^  b  ill  admit  PriDe  of  tke  set, 
mounted  on  rollers  and  vamiihed,  3)  H 


No.  1&.  Map  of  tha  WoiU  on  Uia  Globular  Bn^Uon.B  abeel*.  TU*  Uip. 
■ItMufh  dailgoad  Tor  tbe  libruy  and  coaaiiag  home,  will  be  touni 
UsUy  iMetkil  b  icbooli  for  wbieb  It  ia  weD  adapted ;  ita  grand  dt- 
TiiiODi  m  diMIoctly  marked,  and  thi  lariow  govcraraesti  rraditj  dia- 
diiguished.     Price  on  rollers  tad  raniuhed,  f  3  SO 

Ho.  17.  A  Dew  MaportlieL'DitedStatMorMcxica.onanciinpFnalaheet.ilrawii 
from  (be  Utut  and  bett  Huthorilies,  and  eibibiling  Ibc'n  fubdiruiont 
aa  Ibej  doh  eiist ;  with  numeroui  tables,  &c.   Price  io  pocket  case,  8  00 

No.  18.  Map  of  the  Roads,  Cajiali,  and  Sleam  Boat  rouUs  of  tUe  United  Slatea 
widi  the  diatanccs  rnnn  place  to  place,  and  a  seriei  of  tiihlca  ihoniog 
the  principal  Slcam  Boat  routci  thraughout  the  country.    Price  iii  pock- 
et cues,  1  00 
Jio.  19.  Map  oftbe  eiiilinKani' contemplalcdcuialaof tlieitaleorPeDiujlTa- 
nia,  coloured  to  as  lo  distinguish  between  such  la  are  finished  or  in  pn>- 
gresi.  and  those  merelj  proposed.     Pries,  1  50 
Ko.  !0.  Map  o(  the  New  England  states,  Tor  trarelleri,  in  poctet  case,  1  50 
No.  31.  Map  oT  the  slate  of  New-Yorh,             do.                      do.  1  SO 
So.  22.  Map  of  UiG  slates  of  Pcnasjlraaia  and  New-Jcrsef,  for  travellan,  Id 

pocket  case,  I  50 

No.  S3.  Slap  of  the  states  of  Ohio  and  Indiana,  do.  1  50 

No.  24.  Map  of  (he  states  of  Virgioia,  Maryland  and  Dclanore,      do.  1  50 

No.  !5.  Map  of  tha  states  of  Kentucky  aid  Tennessee,  6o.  1  50 

No.  S6.  Map  of  the  stalei  of  Noclh  and  South  Carolina,  do.  1  SO 

No.  S7.  Map  of  the  Blatcd  of  Gco^iii  and  Alabama,  do.  1  50 

No.  28.  Map  of  the  stales  of  Louisiana  and  MLssissippi,  do.  I  50 

No.  29.  Map  of  the  stales  of  Miinait  and  Alissouri,  do.  1  50 

No.  30.  Map  of  the  lerritniy  of  Florida,  do-  2  00 

Tb;  State  Maps  numbered  from  ^U  to  30  iocluiiivc,  are  from  the  American  Atlas, 
prqjcctcd  nod  drann  on  a  uniform  scale  of  fifteen  miLes  to   the  inch ; 
iliey    embrace   in  addition    to  former  aurrcjs,  those  mado  bjr  order 
of  Ibe  United  States  government  i  copies  of  these  sorrefa,  aathejpni- 
grcu,  are  regularly  forwarded  to  the  author,  by  wbom  the]'  are  itonw- 
dialely  inscrtud  on  tbe  plates.     By  these  means,  and  the  facilities  of 
procuring  othei  iDformalion,  alforileil  by  an  citcaure  corrcspoitdence, 
the  maps  ire  made  to  keep  pace  with  the  impraveoicnt  of  (be  counts;, 
and  la  eibibit  at  ell  tiinti,  the  existing  state  of  gcogiapbical  inlbinui- 
(iom  regarding  the  United  States,  and  eontipioBs  cOuDtrias.     The  sal, 
consisting  of  eleicn  Maps,  printed  on  silk  paper,  is  put  tip  in  a  porta- 
ble cose  (br  the  conTeniance  of  traicllcrs.     Price,  IS  00 
The  same  Maps  are  put  up  scparalel  J  on  muslin,  in  a  portable  case.    FricC)eaeb,   8  OO 
.No.  31.  Chart  of  the  World  on  Mercalor's  projection,  t  large  sheet,  I  00 
No.  31.   Map  of  Europe,  1  large  sheet,  1  00 
No.  33.  Mapof.^sia,                 da.                                                                                      I  00 
No.  34.  Map  of  Africa,            do.  1  00 
Ha-  35.  Map  of  America,         do.                                                                           1  OO 
No.  36.  Tbe  four  preccliiig  Maps  pasted  t^thcron  one  fhcet  of  tanTaM,  mi 

roller,  auitnble  for  school^.    Price,  5  50 

No.  37.  Map  of  North  America,  One  large  sheet,  1  09 

No.  38.  Map  of  (he  United  States,  nteftium  sheet,  0  6S 

No.  39.  Map  of  New-BrunBificlc,  Nova  Scotia,  Newfoundlaod.  Sit:  1  OO 

No.  40.  Chart  of  Delaware  Bay,  3  sheets,  100 

No.  41.  Diiaccted  Map  of  (be  World,  one  large  sheet.  2  60 

No.  42.        Do.  Europe,  do.  8  50 

No.  43.        Do.  Asil.  do.  Z  50 

No.  44.        Do.  ACriea,  do.  S  50 

No.  45.        Do.  United  SIa(es,      do.  8  00 

No.  46.  Tbe  Hariner'*  AtmosjAerical  Register  or  Weather  Book,  8  So 

No.  47.  A  nneral  outUna  of  the  United  States,  with  pbtle^  S  50 

No.  4S.  AUfti  of  outlioa  Maps  of  (he  World,  and  Quarters,  tbe  act,  SO 

No.  49.  ScboolAllas.conaistingoflheWorid.Qiiartcn.andUDitedStales.  50 

IC7*  A  liberal  deduction  fram  the  above  priceswill  bamadotocoUegu  andscbools. 
*•*  la  pteparaHoD.  a  four  sheet  Map  of  the  World,  and  a  four  sheet  Map  at  the 
United  States,  on  a  scale  of  30  milei  to  (lie  inch.     Alio,  Wilkiown's  AilM  CTwsie*, 
consisting  of  57  Map*  of  Aiieiin(  GeozraobT.  in  Juprrial  quarto. 
July,  1816 


VIdXBVS  &   8BAB.B8 

For  sdU  at  tke  SCHEME  PRICE  until  SA TURDAYaauHg, 

»th  July,  at  tkt  ••OOU>  Mm,"  rOX.TUBIJS'8 

BOMB*  P-  CANFIELD'a  Ojfux,   142  Broadway. 

»S  AtUtiotf tvy  of  tl|g  &tau  Of  jnatfilan). 

UNIVERSITY  LOTTERY, 

S20f000  Highest  Prize. 

1  Friie  of  sao,ooo  u  socooo 

r    1  10,000  ••'     io,ooo 

1  0,000     ::  0,000 

1  aj^oo  •'•      a*5oo 

1  1,308    ■'         1,308 

O  1,000     ::  0,0O0 

10  000     ::  0,000 

44  100  :  4,400 

88  50  '•  4,400 

028  la  ::  0,330 

0,070  '-                     O  ::  34,000 

0,300  Friises,    (      19,000     ^  cos  GOO 

13A44BlaDki,  I       Tickeu.        ]m99,9^f9 

The  ticket!  io  this  Lottery  are  formed  hj  the  ternary  combination  of  50  Dais' 
bers,  from  1  to  60  inclative  *,  and  to  determine  the  fate  of  all  the  tickets  thereiB, 
60  numbers,  as  above,  will  severally  be  put  info  a  wheel  on  the  day  of  drawiof, 
and  6  of  them  will  be  drawn ;  and  that  ticket  having'  on  it  as  a  coinbinatioD.  tbc 
Isf,  2d,  and  3d  numbers  drawn,  will  be  entitled  to  the  Capital  Prise  of. 5*20,000 

That  having  on  it  the  4th,  6th,  and  6th,  will  be  entitled  to  a  Prise  of 1(>,<J0P 

That  having  on  it  the  Sd,  3d,  and  4th,  will  be  entitled  to  a  Prise  of &,OiiO 

That  having  on  it  the  Ixt,  3d,  and  6th,  will  be  entitled  to  a  Prise  of 2^ 

That  having  on  it  the  2d,  6th,  and  6th,  will  be  entitled  to  a  Prise  of 1^ 

Those  having  on  them  the  1st,  2d,  and  4th,—  Itt,  2d,  and  6th, — 1st,  4th,  and  5d^ 
Sd,  3d,  and  6ih,  and  the  3d,  4th,  and  6tli,  will  each  be  entitled  to  a  Prise  of..  ..l.OOO 

Those  having  on  them  the  Ist,  2d.  and  6th,— 1st, '3d,  and  4th, — 1st,  3d,  and  6d^ 
^Ist,  4th,  and  6tb,->lst,  6th,  and  6th,— 2d,  3d,  and  6th^—  2d,  4th,  and  6tfc,- 
2d.  4th,  and  6th«— ^,  4th,  and  6th,— and  3d,  6th,  and  6th,  will  each  be  entitled 
to  a  Prise  of. 500 

Those  havmg  on  them  the  1st  and  2d  numbers  drawn,  will  each  be  entitled  tt 
a  Prise  of. lOD 

Those  having  on  them  the  3d  and  4th,  and  the  6th  and  6th  numbers  draws, 
will  each  be  entitled  to  a  prise  of ,. <0 

All  others  having  on  them  any  (too  of  the  drawn  numbers,  will  each  be  entitled 
Co  a  prise  of »••• •••••IS 

And  all  others  having  on  them  one  of  the  drawn  numbers,  will  each  be  entitled 
to  a  prise  of* 6 

No  ticket  which  shall  have  drawn  a  Prise  of  a  superior  denomiBAtioa  can  be 
entitled  to  an  inferior  Prise. 

A  considerable  portion  of  this  Lottery  is  put  upin  Packages  of  17  Tickets,  each  of 
which  is  warranted  to  draw  Jf86,  less  the  16  per  cent,  deducted  by  the  State,  with 
«o  many  chances  for  the  Capital  Prises. 

This  Lottery  will  positively  take  place  b  flic  city  of  Baltimore,  od  the  18th  day  tH 
August,  er  sooner. 

Prises  payable  forty  days  after  the  drawing,  aod  subject,  as  usual,  to  a  dedactioa 
of  fifteen  per  cent. 

Tickets  and  Shares  will  be  sold  at  the  scheme  price,  vis.  fb  each,  until  Saturday, 
the  8th  of  July  inclusive,  at  either  of  the  Manager's  Offices,  142  Broadw^,  Kcw- 
tork,  129  Chesnut-street,  Philadelphia,  and  at  180  Market-street,  Balrimere.  lar 
Cath^  current  at  any  of  the  baoki  fai  the  cities  of  New-Yotrk,  Philadelphia,  or  JMi- 


morr.  P'Ue  tirkeli  will  be  nccired  from  Teaiirr*,  ol  par,  ia  pajmrnt.  AAcr  iLf 
SU)  of  Jul;,  th  pricr  of  Ticket*  will  be  odvanrrd  la  56  cacli—Sharea  ia  prriwrlion. 
Ticket*  BDd  Sharp*,  or  CeniScBin,  id  the  nboie,  maj  he  oritcred  from  Il>e  Uffire  of 
the  Sutn«rib«r,  No.  139  Cheinul-'Urctt,  riiila<lilpl>i<,  u  will  at  rrora  Balliowrp,  aDd 
remitlnncct  for  Ihe  lamp  may  be  madt  10  eilber  n(  ihc  SuliKribcr'*  Ufficn,  at  but 
br  noil  coaTeninil  lo  tbea*  who  tliall  m(ii1  for  tKkrIa  in  llie  abu*(  Lsllrr.T. 

The  Caih  will  be  ailvanced  for  PriiH  in  ihe  ibon.  ai  anv  lime  after  (he  drawing', 
■t  142  Broarlmr,  Ncw-Vorli,  129  Che.DUt-Krcel.  fhiladdpiiU,  and  at  No.  ISO  Mar- 
kel,  near  Charlei-ilTeei,  B^iliimorp. 

ItZP  Oidrrt  (pod  paid)  encluiing  ihe  Caih,  for  one  •kket,  or  more,  will  b» 
(hanhfaltj  received,  aod  pancluall;  anoDdcd  (o,  if  adrlreitcd  lo  P.  CA^FICf.D. 

Na<"Vi>rk,  Philaileliihia.  or  Baliimnre. 

r.  C.  cODilniKty  kPepi  tiekcu  lo  all  Ihe  Loiletiet  for  Ihe  atcoiniDodBiion  of  bi* 
rrienrti  and  Ilir  public 

June.  1926 


FASBZONABXE  SAT  STORES. 

E.  BLIIOJIKII. 
HAT  MASVFACTLRER, 

Jfo.    156  Broadway,  New-York, 
U&R  coniEinllj  foriale  a  nrj  generaj  aicorUnent  of  bdiiocable  HATS,  on  llw 
OMCt  rruonjlile  temii. 

E.  BLOOHEK  ha*  alao,  at  hii  Store.  No.  194  Canal-alreet,  New-Yoi^  a  handaonc 
and  fasbionabk  wionmeot  of  IbeiarlDut  quiJiUes  ofMen'a,  Voulbi' and  Bojr*  HATS, 
to  which  he  rr)peelfiil!riniitrs  public  aileniioii :  whtt]e«ila  pnrchaierg  njll  e'.pKiallj  be 
pleEued  la  obKrre  that  thej  wtti  fiod  an  adrantap  in  eiamining  the  aaniplci  IhetE  ei- 

AII  Ihe  Goodi  on  rale  ibailbe  maaiJartiBid  if  himadf,  and  he  ii  nrll  aHtrc  lb*l 
be  coiuull)  bis  own  interesi  nxtl  ^tctitdi)  bj  famiibing  Uiote  arlkles  alone  which  wilt 
afford  laUsroclioD  to  hiiCiutoioen. 

EUSUA  BLOOHER. 
_  July.  19M. 

"  J  V  O  D*  S     n  O  T  B  £,** 

REVIVED,  IM'ROVED,  AND  ENLARGED. 

THE  Sabltribrr,  nilb  unuiunl  lolicilufte  lo  jntifv  aujl  ncromnindata  Tmcllcn, 
Ihr  Public  geiierall]',  and  tHiier*  To  Mir  United  Slaiei  from  Europe  aod  ritewtaerr, 
retpeci'ully  announce*  ihai  he  hai  rendered  more  commodiuui  than  erer  thai  Own- 
iral  and  riteniire  Eilabli>hmeM,  lo  long  and  universall)i  kno«a  and  ftvquroled. 
under  Ihe  apprllaiion  of  JUDD'S  liOrEL,  87  South  Tbird-tlreel,  beiwnn  Uarkcl 
nnd  ChetoDt.  Philadelphia — where,  in  the  *iciuity  of  fhc  Banke,  CoSee  Hnoie,  Cni- 
igmHoine,andhumaod  buflle  of  acme  and  faihionable  tife.fienllemen  of  buiiuen 
or  pleaiure  will  ever  God  ibemtelre*  al  home;  aod  from  Ihe  numrrnui  retired  and 
primlf  apartment*,  familie*  traTelling  will  always  be  certain  of  a  deiitoble  mtiDg 
plsre 

Similar  enabliahmenls  Ihioughoul  Ihe. United  Slflle*  hare  been  lately  eulo;i*e4, 

loliriliDg  polilic  famuraiid  pattoaazr, 
thai  it  ahall  be  eqaa)  la  an^— lapcnor 
ind  »i(anlt.Pi|ually  nilh  himiclf,  will 
be  >iiidioD<  to  plea-e,  and  bIhiti  aniiaui  lo  aolirlpaie  Ihe  waiiii  rod  wiibrt,  of  hU 
frir-ndi  aii'l  lupporlert.  Tbe  abundant  IniBriei  and  delicaein  ul  ihe  Maion  aliall  be 
at  abuodanily  lupplird ;  and  llie  l>c«l  market  ia  the  world  yield  ill  belt  and  oioal 
Dutniiou*  variety  lo  gralifi  the  lule  and  palaici  of  hii  Viiilcn  nnd  Boarder*. 

The  usual  beiera|*>  thall  be  of  the  flril  qualil]',  and  foreign  Wine*  and  Liiisor*. 
at  imparled,  ihall  be  parchated  by  himaelf  only,  and  fuioished  ai  hi«  tabic  in  tbcir 
puiett  naie. 

A  (lenonal  inipeclion  of  Ibe  careful  peifurmance  of  his  traillel'i  dittira  ahall  be 
mniidered  aU'imponant;  and.  in  a  word,  he  pledget  himaelf  l«  ilioac  who  inay 
honour  bim  with  iheir  <«mpaoy,  that  eiery  thing  lending  to  Ihdr  romfon  aod  con 
venieoM,  ihal  can  be  dooe,  iball  be  done.    D  SAI-NT.  Jane,  IsM 


rotJudd".  Holel.  »li 

D  espreu  hit  aAra 

y— inferior  lo 

DIZOir  &  OATWBUb, 

INFOMI   (heir  friendi  nnd  the  public,  that  tbcr  conlirue  the  MuUe  B>uiiK:i>,iF 
all  Its  branches,  >t  the  comer  of  Varick  and  CanBl-itreeu,  Neir-Vork. 

N.  B.  KngriTiDg  on  Mniblc  at  the  sborteit  notice.    Forcsa  Marble  parchaMd. 
May.J82b. 


&A    FATBTTB 

iXASTIC    WATER    FROOF 
HAT    MAJVUFACTOKY. 


with  a 


TRTON  &  OHASB, 

MANUFACTURERS  OF 

Tjooking  Glasses,  Combs,  Suspenders,  and 

INPOKTERS  OF  JArPANF.I)  WARE, 

No.  54,  Marktf-stnct,  a  fae  doors  Wrsl  «f  Secnnd-strcct, 

(South  si'dr,)  Philadelphia, 

HAVr.  roDstantlj  on  Land  a  Tcrj  eitensirc  .mortment  of  Lookini;  GIism*,  lu— 
Mnnlle,  Pier  (Uid  Maulding  Mubo^uiy ;  Moulding  3wi  Fillar  Fjcd  Pillar  and  Dulcd 
Toilets,  and  ivin^3  and  covers,  snil  in  fact  cirry  dc'criplion.  Klatia  and  Gocob 
Toilets,  Turtle  Shell  tucking,  long.  Iient,  neck,  anil  side  Comb*.  Mock  Shell  tucking,  bw. 
bent,  neck,  and  aide  pocket  heaitinj  drcs<i[q(  and  iioiy  comba.  nlso  cotton  and  lilt 
BUfpcnden  of  nil  descriptions.  Abo,  Jappuicd  trays  and  waiters,  or  alt  cohnin,  siii 
and  nilhoul  centres,  of  the  moit  superb  pattern — end  a  grcrtt  variety  of  otberpM^ 
in  the  Foncj  line,  all  oT  which  are  wnrrantrd  to  be  rjicelled  b;  none  in  [be  I'aitrJ 
States,  in  point  of  worlinianship,  said  together  nitb  the  above  on  the  most  reason^ 
latmi  for  cash  er  tppmrrd  paptr. 

Ni  B.  All  orilers  attended  to  iritb  the  ^atest  puncluality,  and  packed  in  such  *  die- 
ntr  u  ta  insure  tbeir  aafrtj-.  nliich  is  a  Terj  important  mnlter  to  those  drdin{ 
UcK^I;  in  Looking  Glasses.  From  the  ndrontugc  this  eslabliihment  hai  aboR  aat 
other  la  the  Union,  the;  can  sell  lower  in  ecmsequence,  than  anj  other. 

Mar.  'B^6. 


AKD.old,»l 
xnricnnbeliid 

N  B.  Said  I 
unt^eilomach, 

TnkP  one  or  ( 
thrr*  times  n  A: 

P.  S.  To  use 
July,  IKP. 

HEALTH   BITTERS. 

Prepared  by  a  PUYSWtAJs'. 

inlesnie  and  retail,  at  the  csmrr  of  ,\ortb-Moore  and  Varlck-lirMU, 
■I  2»3  and  284  Frnnt-slreel,  and  at  37  and  13  ^outb-ttmL 

litters  liHve  bren  well  atleiled,  and  have  Dot  fuiled  to  pfCTcat  Da* 
brace,  promote  Rjiprlilr,  kx 

IT,  fasling. 

.• 
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